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PREFACE. 



Tfiis book is a formal presentation of certain subjects 
which the author has been in the habit of offering to his 
classes in the form of lectures. It is intended to explain 
to beginners, or even tolerably advanced students in chem- 
istry, certain of the general laws of the science, and that in 
a compact and easily handled form. To a certain extent 
theories are given. While these have their important use, 
they must not be relied upon too strongly. " Theories," 
says Dumas, ** are like cnitches. To find out their value 
we must try to walk with them." On the other hand, 
where theories have been presented in this work, effort has 
been made to show distinctly the basis upon which they 
rest. Particularly in the chapters relating to atomic weight 
the attempt has been made to lead the pupil to formally 
distinguish between facts and inferences. 

Tlie efforts of investigators in chemistry as in other 
natural sciences are, as Berthelot remarks, to transform a 
mere descriptive science into a truly physical and mechan- 
ical, i,e, a mathematical, one. This thought has not been 
forgotten in arranging the work presented herewith. At the 
same time the attempt has been made to avoid making the 
book mathematical. The mathematical treatment, valuable 

• • • 
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PREFACE. 



OS it is for highly ad%'aiiced students, is apt to be repellent 
to beginners. 

The amhv^r takes this opiwrtunitj* to thank the teachers 
of the Uniieii Stales for the kind reception they have given 
to his earlier texl-lxx>ks in chemistry. He cherishes the 
hope that thev niav find this one of service to them in 
tlieir studies and their teaching. 
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TH£ BRANCHES OF NATURAL SCIENCE. 

Tllli PLACE OF Ci£KMISTRY. 

There may be as many sciences as there arc kinds of 
subject-malter for scientific treatment. 

The scientific treatment of a subject demands exact 
observation, precise description with fixed nomenclature, 
classified arrangement, rational explanation. 

The term natural science is usually applied to the 
classified knowledge of external material nature and 
certain of its forces. 

In the ordinary every-day use of language, then, the 
general term science is often applied to what is here in- 
cluded in the term natural science. But it must not be for- 
gotten that there may be a science of the human mind, for 
example, as wcU as sciences of external forms of matter. 

Divtaiona of Natural Bcianoa. — One grand division of 
natural science is that called Natural History. In this 
are included — 

Geology, a history of the inanimate matter of the earth, 
and embracing physical geography and meteorology ; 

Zoology, a history of animals ; 

Botany, a history of vegetable beings. 

Katural history is mainly descriptive. 
Jiother grand division of natural science is that called 



2 T(!E UKANCHKS 01' NATUHAL s6lENCE. 

Natural Philosophy, or Physical Science. In t 
included — 

Mechanics, which treats o£ masses of matter ; 

Physics proper, which treats of the motions of mole- 
cules, and the molecular forces such as light, heat, and 
electricity ; 

Chemistry, which treats of atoms, the constitution 
properties of molecules, and the laws of chemical chai 

Physical science is mainly explanatory. 



Defecta of tbe Fo[«g:oiiis Claaaifioatloa. — Even a 
hasty consideration of this brief classification shows 
especially as respects exact lines of demarcation, it is 
inadequate. Thus the individuals discussed under each 
department of natural history involve in their histories, 
the processes of natural philosophy ; for the anin 
the plant, and the rock are formed, or live, or grow, 
merely exist tn one place, as the case may be, under 
tions involving mechanical, physical, and chemical 1 

Again, it will be noted that certain branches of st 
evidently belonging to natural science — astronomy, 
example — are not specifically mentioned. 

But the defects of classifications of this sort are re& 
able to difficulties that nature itself places in our 
forthe multitude of natural phenomena are not in t 
selves characterized by strongly marked division li 
but are mostly intimately interwoven. 

Finally, it is not intended, in this chaptt 
perfect classification of the subjects of study afFoi 
by natural objects and forces ; it is merely proposed 
place before the reader the general relations of chemist) 
to other natural sciences. 
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CHAl'TKK ir 
THE COHSTITUTION OF MATTER. 

•UK MUl.ECUl.K; TMK M.VSS. 

Matter is believed to be (.■ajiable of (existing in por- 
3 of three different grades of magnitude. These are 
ailed respectively the ato7n, the molccuie, the mass. 

The Atom. — An atom is the smallest unit of matter 
[fitfw recognized as existing. About seventy different 
kinds of atoms arc now known. 

Each atom of matter is viewed as possessing the fol- 
lowing characteristics, in addition to many others: — 

It is eilicmci)' imall (bat nut infimltly iitiall). 

ll U indivbiliU, sod, indeci, in itvlf unchangeable. 

It poucsses a ilelinilc weiglil, which vavf 



c weight B dilTerent for difletent kinds of Momi, bul pnicli- 



force, callcil ckcmiial agimUy. 



hKj be alike ot may be unlike. In 



Mmnty f Hg) ijlydrargyram). 



4 I'KL cost'Tirmos c»f matter. 

The Molecii^. — A iDOjcciile is the smallest particle 

^»l iJiy subsiLjicc that majiifesis the chemical properties 

of : h^it 7>art i cuIlt sn bs: ar» ce. Th us : — 

H^C rcprt^er.:> one mc»jecu]e of marsh gas, 

HjX •' ammonia gas. 

H.C» •* •• '• water. 

H; •• " hydrogen. 

O: • *• ** ** ozone. 

C>: *• ordinary o.x)*gen. 

A ni'.'.ccule is bL.^.vev: t'j l>e capable of possessing 
most ..f the follow :r.^- characteristics, in addition to 
mar.y C'thers : — 

.7 !: i> c\:rtr.-.t'\ s:i,:.ll : r rr. rtctr.: i-hyj^ical invcstigmtions, ** it may 
\>c c .>nclj It : >*i:h a !' \:y. ■. ^r^ . f ] r 1 :i*: ility thai in ordinary liquids or 
s«.»li-i5 ihc i.an-.ctcr if thv :r. >..ur. ."" :hat is, the distance between the 
centrt-s 'A k. 'z:v.^-^--ji> n. >.. j't->. is Itiwvtn the one two-hnndred-and-fiity- 
milli-'nth ( .,.-/, -^ S an 1 t'c ^ :-!e rivc-lh u^^an i-millionth (j;sSSSjiJob) ^ *** 
inch. 

' It :> !:■■: c ::.;. ';vu'.y : r n: >• luttly in contact with its neighboring 
molecules, ^ut is Sfparatt '. I'r -ni th!.-m hy nlativt-ly large spaces. 

■ f^ When in the stati- "f ^a> a m Ic. uK- tlcmands the same amount of 
s]>ace as every -.tlier ni'-lecule in the ^asev.'U> state (under the same condi- 
tions of temp' rat are an-l jire»ure . 

(</) A m<>.leculc usually ct>n>i>t> uf a ^T<>up o( atoms. These atoms arc 
hound toj;cther hy chemical athnity and int*) a union of exceedingly inti- 
mate relationship. In fact, in m«>st cases the molecule cannot be divided 
without ahsolutely chan;;in«,' the identity of the substance. This result might 
he cxj>ccle«l in the case '»f nmlecules composed of difTcrent kinds of atoms. 

'Huis water has molecules, each expressible by the formula H,0. When 
water is decomj)osed, the chanj^e takes jdace as ft)llows: — 

2 H,0, Ti'Aen decomposed, yield 2 H, + O, 

Two molrt uIcK of Two inolcrulcs of One molecule <rf 

Water, Hydrogen gas. Oxygen gas, 

|intiH hy Wright. parts by wpiKhl. parts by weight. 

^ 36 
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Gut Ihough It lirsl unexpected, it is easily seen that a change of \ilcn- 
thy nuiy ictuU from the dccmnpolition or leuTangemcnl even of moleculei 
whine indiviiliul Btumi are af precisely the lame kinil. Tlitis tisonc hM 
moleculei, eath eijircssilile by the fonnula Oj. When o/i.ne is decumpused, 
Ihc change takes place as fnllows: — 
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Now it b an observe'! Tact thai the pmjierliva an<l [lowcn u( oid 
oxygen are very different from those of oiune. 

(*) The lenn maltiult, usually reserved for groups of Blomi, fc 
teniled to tingle atoms in the fouc exceptional cases, already ciled.in u 
the single alum is capabli: of existing apart. Thus a molecule of inei 
means also a single alom of mercury. 

Slemanta and CompoundB. — Matter is called simple, Of I 
eUmcHlary, when its molecules arc composed of atoms J 
of the same kind. 

Most of the elementary gases are believed to have two K 
atoms in the molecule. 

Thus, the hydrogen molecule is expressed 
H - H or H-, 
and the oxygen molecule, 

O - O or Oj 

Matter is called comfioitnd when its molecules are ' 
made up of different kinds of atoms. The number of | 
atoms in many compound molecules is but two ; 
others it is greater, sometimes reaching to several ] 
hundreds. 

Examples: Starch. C„Hh,0„ 

Protagon, C„.H„,N,POa, 




Ths Modern Atomtc Theory. — The views of the c 
slitution of matter set forth in the foregoing para 
may be saiil tu have their origin in the atomic theory ij 
Dr. John Dalton, an Knglish mathematician, who 1 
to develop his theory in the year T803, 

In some ancient metaphysical speculatio 
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THE CONSTITUTION OP MATTER. 

was held tu be infinitely divisible, while in others the , 
contrary view was maintained. 

The ancient philosophers who constructed atomic 
theories felt sure, upon general grounds, that matter is 
susceptible of division to a degree far beyond that which 




their appliances effected. But when the question arose, 
" Is not matter then infinitely divisible?" no valid answer , 
could be given. An unconquerable difference of opinion 
I existed. 

The ancient views were defective because they were | 
I too largely speculative and were not bancd on a suffi- 
[ cienlly large number of facts — especially such facts as 
I can be learned only by carefully devised and conducted 
I experiments. 



8 THE CONSTITUTION OF MATTER. 

The modern chemist declares that in fact there exist 
at present limits to the divisibility of matter. More- 
over, Dalton's theory, as well as other modern views of 
the constitution of matter, are based not upon specula- 




tion, biit upon discoveries reached by accurate experi- 
ments with carefully devised appliances. 

The most important and suggestive facts were col- 
I lected by the chemists of the last part of the eighteenth 
I century, and especially Lavoisier. He led the way by 
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his rigid use of the balance ia chemical investigation. 
He maintained — what was not perceived before — that 
weight is an important function of matter, and a safe 
guide in chemical reasoning. His teaching showed the 
value of those quantitative methods which have not only 
afforded a sure basis for modern theories of matter, but 
have been a most important aid in the general modem 
progress of chemistry. 

The first notions of the modem atomic theory app( 
to have been suggested to Dalton by following La- 
voisier's methods ; i.e. by the use of the quantitative 
processes of the time. Dalton's work led also to th) 
enunciation of the imjiortant laws of definite profortioi 
and of multiple proportions, — laws which are still thi 
chief support of that theory. 

Modem instruments of precision, notably the balanced 
the barometer, the graduated eudiometer,' and the th< 
mometer have afforded large contributions toward ne' 
and exact knowledge of matter and its forces ; they ha" 
also aided to dispel many old and false impressions. 

" The vicissitudes in the fortunes of a truly scienttlic idea are Bptly 
trattd by Ihc hislory of the atomic theory. After a period of ctonuancy of 
more than zooo years the atomic theory was revived and rendered definite 
hy Dalton, was firmly established on an experimental hssii hy Bcrielim^ 
was almost abandoned by the school founded by the same chemist. 
rehal)ilitsted and again nearly despaired of by Dumu, u as largely advanc 
by Avojiadfo, was subdivided and its ports clearly distinguished by Gerhai 
and l.aurenl, and ii now the foundation-stone of a great and cver-i 
edifice."" 

Atoms and molecules are now considered to be real existences as Inily 
u are pUnets and fiied stirs; and they are as truly susceptible of 



ofaitas. 



n Iniirumcni or vessel fc 
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ment. Their motions, though of a diflercnt kind, are as much matters of 
fact 

It must be admitted that even to-day some persons question the exist- 
ence of the chemical atoms. The difhculty is probably the outcome of 
ambiguity in the word a/om. The atom of the Cireek atomists may or may 
not be the atom of the modern chemist. The Greek atom is something 
that by its very nature cannot ever be divided. The atom descril>ed by 
modern scientists is merely a very minute ])ortion of matter that has not 
yet been divided. The (ireek atom is a metaphysical creation; the atom 
of modern science is a real thing. 
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; JtATTER INDEED MOLECULAR AND ATOMIC? 



EVlDtlNCK POINTINU TO 



Oeneral Dlsctualon upon Atoms and Moleoulaa. — Proba- 
bly many persons — and especially those whose reason- 
ing powers arc but imperfectly developed — would have I 
more confidence in the existence of atoms and molecules | 
if they were visible. 

But after all, the senses are by no means infallible ' 
guides. The sense of sight often deceives ; even in the i 
commonest affairs of life reliance is often placed upon 
the reasoning powers in opposition to the direct evi- 
dence of the eye. Especially when the eye is diseased, 
it gives false ideas of color, form, and the like. Even 
excellent eyes may not be able to see the vibration of a 
certain piano-string while it is singing ; but by applica- 
tion of processes of reasoning to experimental results 
proof can be obtained, to the satisfaction of every one, of j 
the existence of such vibration. It is only by processes J 
of reasoning that the distances of the heavenly bodies ' 
arc measured, but no one doubts the data that astrono- 
mers furnish. 

However, single atoms and single molecules are not 
visible, and, moreover, it docs not seem likely that opti- 
ca] appliances will ever extend the range of man's visual i 
•J 
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(xjwers to such minute objects. But neither these diffiitj 
culties nur any others need deter the investigator from] 
efforts to solve the problem of the constitution of matter. 
He may with propriety continue to ask such general 
questions as the following : Is matter constructed o 
the type of>an imperforate mass, or is it more truly 
network of some sort? Does one minute jjortion of 
given kind of substance come into absolute contact with 
its neighboring pwrtions, so that no iwinted implement, 
however fine and sharp, can discover places of more 
of less resistance, or are there minute avenues of sontfl^ 
sort affording more easy passage in some places than iai 
others ? Is matter indeed atomic and molecular, as ha^i 
been declared ? 

The questions come to this : Is matter heterogeneous?! 
If the answer is yes, the next questions are as to the 
chviractcr and extent of this heterogeneity. 

Time i|ueitioiiB do indeed receive decisive uiiwers from phyiical 
themiol fkctt. Uj propct rcMoning from D>tural phenomena there ', 
licen tccurcil, it linl appraxiaule, and tatei highly euct, uuwen. 
blind man majr diKuvci Ihe construction of ■ gate thai tun hi* path. BjT 
applying to (ucb an ohataclc inslrumcnti of various shapes and aim he 
may Iw alile lu stale whether it has the apparent continuity of sheet-iron, 
ot ha* horiionlal or vertical bars, or is of netted game, or even has perfo- 
»n* like fine cant-lioard. In like manner scientific observations may be 
Jc a* to the action of matter in respi>nse to certain general experimenllk'l 
Then proceeding on and on, there may be secured a tolerably 
knou'ledgr of its cunstilution. 

Ordluary Otxervation apon this Subject. — Some foi 
of matter show plainly to the eye that they are made 
of more than one kind of substance — that they are 
heterogeneous. Other kinds may appear to the eye to be 
homogeneous, while a fuller knowledge of them makes it 
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absolutely certain that they aro not so. As a very sim- 
ple example consider sugar. It appears at first consid- 
eration to be alike all through ; it is very easy to prove, 
however, that it contains at least carbon — ^ something J 
very different from sugar. 

Uore SeBJohinB Bxaminatioii. — There IS presented i 
below a very brief ri^sume of certain observed properties 
or actions of matter that point first to general hetero- ■ 
geneity or grained structure of some sort, and next 
to distinct molecular, and finally to distinct atomic ( 
composition. 

The facts stated here are by no means all that apply. 
The whole body of physical and chemical knowledge , 
points in this direction. 

First. Evidences of heterogeneity found in certain 
mechanical properties of substances. 

(a) The diminution in volume of solids, of liquids, 
and — in a yet more marked degree — of gases, by 
meckauical pressure, leads to the suggestion that there 
are interior spaces which are diminished by that 
action. 

{b) In similar manner peculiarities of internal struc- 
ture are revealed by certain changes of the outline of 
bodies. The various degrees of elasticity, hardness, mal- 
leability, and ductility displayed by various solids show 
various kinds of heterogeneity. 

The changes of [hickness uf soa.p-but)ble lllms, befuce Ihcy biea.k. have 
been orefully studied. The lelntioiu of Ihese txlms lo ligbt show cheic 
thkknesi >t different limes. The thinnest litms ippeat to be cointncn- 
ninbie with the dismelen of ■ molecule, ai learned by olhei methodi. 
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if) Crystals |>ossess r/«im^$Y and certain other pro 
enics which offer most marked suggestions of interr 
peculiarities' of structunL 

The forei^ng classes of facts point, therefore, 
general heterogeneity of substances in their interna] 
make>up 

Secokd. Evidemcts of ktUrogcneity found in certaim 
fkjrsital freptrtus pf snistaMtes. 

(a) Gases diffuse rvadily into other gases. Liquidj 
readily absorb guises. Certain solids swallow '. 
quantities of gases without corresponding increase ( 
bulk. (Palladium and platinum occlude hydrogen in an 
especially noteworthy degree.) 

{fi) I.i^uiiis diffuse themselves into other liquids with 
great rapidity, sometimes (as in case of alcohol and 
water) with dimiuution of volume. 

(f) Solids dissolve quickly in liquids without ilnusual 
external influence, diffusing themselves throughout the 
solvents. (Dialysis is a specialized form of the motion 
of solids into liquids.) 

Some solids seem to dissolve in gases, rising up into 
those gases under certain conditions, at temperatures far 
below those at which these solids ordinarily volatilize.' 

These classes of facts point to internal places of feeble 
resistance in substances. Thus they point tn molecular 
grouping of the firmer portions. 

Third. Evidetues of heterogimily found in the rela- 
tions of certain mbstatues to heat. 

* tlinnay nnd Iloginh. 
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(a) Solids, liquids, and gases expand upon addition of i 
heat and contract upon its withdrawal. Tho details of \ 
these operations need not be presented here. But the 
fact that different gases expand equally with heat is 




; special case under this head, and it points to similaiity 
of arrangement of particles in gases. 

The hct Ihsl some crystals expand mote b c 
vthmnd'U foTcelo Ihc argument; so <Ia the Cact; 
of MibMuces in what mar \ie called an upward 
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Moreover, the same substance may give different I 
colors (and so different spectra) at different high tem- | 
peratures. 

These facts seem to prove that an apparently homo- j 
geneous substance may possess different internal vibrat- 
ing farts. (See p. 86.) 

{d) Certain bodies manifest in a remarkable degree i 
the phenomena associated with spt;cific heat ami latent , 
heat. (See pp. 45 and 47.) Again, as respects radiant 



m-^r^^ 



dark heat, some substances are distinctly diatherma- 
nous, while others are athermanous. These peculiari- 
ties cannot be discussed at length here. But they are 
explicable only upon the theory that the substances dis- 
playing them are molecular. Thus they support the 
proposition under review. 



Fourth. Evidences of heterogeneity found : 
rtlation of certain substanees to light. 
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Tli* «(Mclt7, the tr«»lsceiK7, m 
pb tn o w ei w of ofdiBiy twl of <k«tMc T gfatti oa; dw [tolunlio* of 
mi lh« p»w«ct <^ the pctoiurt ray ihrowgfc ctyiteh ' 
ui) Mt in olbcn; Ibc pecoliai pa»^e of Ot puknted n.y dM : 
cofidl and« pnssntt u oxnpafcil with the 
Itic routum of ikc pol«rU<il«ylWi«igM*nlBti.i«ii»»diheiac — I 
tribute greUlj- lo »iiliil«nli»te the mulccnUr thcorr. (In ooe of 
■nbstances, u cine sugn, the (frealrt the inantirr of the 
gK*la the toMtuin Thb suet;eMi wine grektn tnltHereoee «rf a 
Bumber of iwdocaU' particle*.) 
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Fifth. Evidences of ficterogcncily found in the nr/o't 
tiuns of certain substances to the electric current. 

(a) In some cases elongation takes place when sub- 1 
stances are rendered magnetic by an electric current J 
Thus iron bars and steel bars are so elongated. 

{i) A certain substance {boro-siJicate of lead) trans-J 
mils polarized light when electrified, otherwise not. 




(c) Certain rarified gases and vapors show peculiar fl 
stratification when made luminous by the electric dis* i 
charge of the Ruhmlcorff coil. The stratification is dif*^ J 
ferent for different gases. This indicates the cxistenc^f 
of internal portions in these substances. 

(d) A given portion of oxygen gas is changed byl 
the silent electric discharge into ozone without loss iA\ 
weight, but with diminution of voluino. 
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show definite internal slruclun- in masses of the sub- 
stances mentioned. 

Qnataal Comment on the FoTegoine Bvidenoes. — Heal, and 

especially light and electricity, are agencies pusscsaing an ektraordinary 
power of pcncltaling Iwdies. So far as they penetrate Ihcm with greater 
or less e«»e in certain directions or under special conditions, they cannot 
Tail In raise (he suggestion that the hodies in ijuestion are nol perfectly 
homogeneou*, bjit possess spaces of greater i>r less resistance. Bui this is 
what was to be deitionstraled by the foregoing paragiaphs. 
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Sixth. Evidences of keteregeneity found in the chcm- 
i teal relations of substances. 

The chemical suggestions of molecular structure are 
i far more distinct and precise than the mechanical and 
j physical. These may now be discussed. Of course 
only a few will be presented. If completeness were 
I sought, the entire body of chemical knowledge would 
I have to be adduced. The whole of modern chemistry 
I must be referred to as the argument in this part of 
I the case. 
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XUutnttoB. — Chemical analysis shows that mofit sub- 
stances are made up of more than one kind of matter. 
With the exception of about seventy substances caJled 
elements, everything known has internal complexil 
instead of internal uniformity throughout. 

Thus the purest cooking salt, apparently hom< 
neous, is really made up of two very different sub- 
stances or kinds of matter, — chlorine and sodium. 

The chlorine has certain properties ^distinctly its 
own — of which may be mentioned its gaseous form, 
its green color, and its bleaching power. And simi- 
larly, the sodium has certain properties — ^distinctly its 
own — of which may be mentioned its metallic lustre, its 
affinity for oxygen, and its power to decompose water 
in a certain way. 

By analysis pure salt may be subdivided into portions 
of these two very different kinds of matter. 

And by syK(/iesis chlorine and sodium may be made 
to combine, and when they do so combine, they fori 
new product, which is precisely common salt and not) 
ing else. 

But the new product is not a mrri mixture of its 

(d) The constituent* are more Ihiroughly inlermingled or mlerdif 
than is possible in mere nttlurcs. Fur the minuleil |>orlioni thkt < 
recii^iicd u containing tiuc salt contain both of the fACloi^ and sol 
linglc one. 

[t) The co«iitilucnti are aasotialed in fixed and definite proportioiii' 
Hcitchl (always 2j puts of sodium to 354 paits of chlorine), — fax:la of 
which mere mixtures are indepenijent. 

(f) The cunstiluenu CB.nnot be separated by any mechanical processes 
Bor by any processes other than chemical or physico-chemical. 

(J) The new product, the common tall, has no one of the sii; proper- 
licl hwvtobite CBumcr«le<i u poMessed by the constituents (nor yet has tl 
the intrage of tlienc properlies) : insleail, it has a new set of pr<4>eitiM 
entirely In own. 



I 



IS MATTER INDEED MOLECULAR AND ATOMIC ? 2^ 

It is plain that a mass of common salt is made up of 
small portions of salt, each small portion containing a 
definite amount of chlorine and of sodium. These small 
portions are the units already called molecules. Each 
of these molecules is made up of heterogeneous parts. 
But this is the point that was to be demonstrated, 

Practically the same method of reasoning may be 
[applied to every other substance known, except the 
seventy elementary ones. IJul further, a careful study 
of the elementary substances has shown that these are 
.posed of the little groups called molecules, only in 
their cases the heterogeneity of parts is far less marked 
quantity and quality, though apparently equally 
larked in a reality of distinct portions. 



Compound Radicles. — Sometimes a group of atoms is 

Irecognizcd as capable of transfer as a whole from one 

■complex molecule to another, and yet not capable of 

■existing alone. To such a group the name compound 

radicle is applied, A simple example is found in the 

1]ypothetical metal ammonium (NH,), Thus the com- 

K)und called sal-ammoniac (ammonic chloride, NH(Cl), 

xintains the group NH4, which is capable of continued 

•ansfer, as a whole, from one molecule to another ; it 

cts very much like an clement — only, if liberateci, it 

Iftt once decomposes. Chemists know a large number 

" of other compound radicles of similar type ; indeed, a 

whole class of bodies called compound ammonias has 

been studied very thoroughly by Hofmann and others. 

ComolaBions Reached. — There can be no reasonable 
loubt then that there exist molecules — in the general 
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sensi" of small portions of matter that fresenr an integ- 
rity throitgh a series of operations. They are in feet 
units of a certain order. 

Further, there can be no doubt that the molt^cuU 



I 




units are made up of units of another order, - 
so-called elementary atoms. These units are also i 
gral parts, and they preserve their unbroken composition" 
— whatever it may be — in spite of any processes as yet 
applied to them. Whether or not they are real atoms, 



I 
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in the sense of absolutely indivisible things, is not posi- 
tively known. T/tert: are certain grounds for beitevitig 
that they are not. That they are units of a moat impor- 
tant character must be true. Their recognition is the 
work of modem investigators. Their discovery is a most 
valuable and fruitful one, whatever theory of their ulti- 
mate composition any one may hold, or whatever new 
facts relating to them may be discovered hereafter. 

Are th.9 Atoms of the Chemist Composite? — The no- 
tion has often been presented that the seventy substan- 
ces called elementary arc in fact very stable compounds 
not yet decomposed. Chemists, physicists, and philoso- 
phers have explicitly declared their belief in this view. 
Dalton. Faraday, Gladstone, Brodte, Graham, 'Mills, 
Stokes, Lockyer, and other experimenters have dis- 
tinctly held it. From another side, thinkers like Her- 
bert Spencer have recognized the necessity of it. 

Four general gtounds for believing the elements to he ctiioposite may 
t>e Rated here : — 

First. Lockyct coniidets that the fact thai a given element affonii a 
multilude of ipccttuin linei at once suggcsCi that these linei ire soinchow 
cunnectcd with dilTerctit vibratory powers of differenl portions of the atom. 
In other words, ilie atom is compoiUc. 

Second. Dr. Camelley olTcn a strong argumcDt from the analogic* of 
certain acknowledged coinpuuDds. It is this: There are recogniicil, in 
the gn>up at hydrocarbons, a continuous series of compounds advancing in 
moleculai veighls by regular numerical steps, and having, with tbese, a 
T^ulaily advancing sequence of physical and chemical properties. So the 
'ekroenls, as arranged by Newlands, MendeiJefT, Lothai Meyer, and others, 
iCOintitutc aseriesof substances whose member) show a regular advance in 
Womic weights, and with it a regular progress of phyHcBl and chemical 
ptopertic*. There is no doubt that the hytlrocatbons are compounds; 
there it then a high probability that the elements ace to also. Camclle)' 
goes so far as to offer the theory that the seventy elements are eompoacil 
hj naion, in diflctcnt wsyi, of Ikrtt Undi a/ ulHmattt, 
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Tiuui. Ftoli^ai Ctooka coOBdcn tli«l lie has in ccrUtn c 
iKtaaOji deompoKd CDUm cluneals. We siji thai the luUUuices he 
hai oteaised Eruoi so-caO -^ ' M tcira " " arr oc* imfwstiti in j'tuiiun. 
Thef coosdlntc ■ vaiaMc tplitlmg up or the jttrium molecule inla ila 



Fui'Ki u. Certain (u-caHed element as t<0Briam ami didrmium, 
been ctiiuiJcr«l cmniwaiHls on graoixb baaed on their gencfal cbei 
prupcrtics.' 

The 0«iieaiB of Atoou. — Professor Crookes propt 
the thcury that matter, as we now know it, has been \ 
iluct-d by a kind of evolution from an antecedent sub- 
stance or fire-mist which he calls /n>/»-/i-. He considers 
that by a series of large falls of temperature alternating 
with periods of approximately stationary temperati 
the prolyU has become condensed or combined into \ 
series of substances — our elements. 



la ila 

•posc^H 
n prw^H 



"The ftnl-burn elemait would, in its simplicity, be 
frotyU. This is h;rdro|>cti, of all known bodies the i 
>nd of tbe iDWCSt atomic weight. 

"Any well-'lefineit clement nuy lie iikcneil lu a plalfomt of tiabm 
connected by laddcn of anstable IhhUcs. In the lint coaleicence oT 
pnmilire stulTlhcte would be (ntmed the smallcil alcimsi Ihae would 
^^ unite, furming larger groups; the gaps lielwecn the several 

^^L BTadoally be bridged over, and the stable clement appropriate to that 

^^1 wuuld al>$urb, su tu speak, the unstable rungs o( the ladilet which led 

■ 
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M. nearly allied tj 



In Ih!s genesis of the clemcnls the longer the time taken off li 

cnoling-duwn pruees, during which the hardening ii\ pretylt into atoa 

lake* place, the more sharply defined would be the resulting doi 

rhilst the more rapid and the more irregular the cooling, the more c 

the resulting bmlies would fade into each other by almost imperceptible 

.Icgren. Thus we may conceive (hat the succession of events which gave 

I luch groups as platinum, osmium, and iridium — palladium, rothe- 

and rhodium — imn, nickel, and cobalt — might have produced oi^| 

lemenl in each of these three groups if the proceu had been gi 



■ UraDoer, J. Cb. Soc., 1889, p. 383. 




f IS MATTER INDEEP HdLECUl.AR AND ATOMIC? 3I 

pculungeil. And cunvcru'ly, liaJ the rate »f tuuUng been much more n4iid, 
duniEiils might have uriginaleil »<iU mure nearly identical tlian ate nickel 
anil eubalt. Thus may have arisuii the clmely oUicd elements ol the ccriuin. 
ynrium, and timilar ^oupi. In foci, we may regard the eoUocation of the 




■ ninoots of the clara of lanvankite nnd ^oliuite «s a kind of cosniical 
I lunibcr-coum, nherc elements in a stale of arrested devclojinienl — the un> 
I'Connecled missing links of inorganic Darwinism — are gathered together." 

ShKpM of Atoma. - - Sir William Thomson has pro- 
inded the theory that atoms posiiess the shape of 
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rings of various kinds. In this view each ring 
scsses a vortex motion, something like that produced 
by the spontaneous ignition of bubbles of phospburetted 
hydrogen. 

Hovementa of Atoma. — It is at present unknowal 
whether there is any constant motion of atoms withiofl 
the molecule unattended by decomposition of it. 
cral analogy and certain facts strongly favor the aflirni 
live view. There is plenty of room in gaseous molecule 
at least. 

Of course when a molecule is decomposed there i 
generally necessity of movement of its atoms ; but this 
kind of motion may be only temporary, dependent upon 
the duration of the particular exciting cause. 

Ralatlvs Poaltion of Atoms In Space. — The brilliant 
studies of Kckul^ up(ni organic compounds have given 
rise to pretty general adoption of a certain expression 
for the substance benzol (CgH,). This takes the form 
of a hexagon called the betuol hexagon or the benzol 
ring, as represented by the diagram below : — 

I 



In this expression the six atoms of carbon are viewed 
as forming a closed chain, of which each atom is attached 
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to its neighboring atoms, on the one hand by two points 
and on the other hand by one point of attraction. 

Recent studies of >-an 't HotT, Pasteur, Wislicenus, and others have car- 
ried the subject still further. Attempting to explain certain remarkable 
l^eculiarities of carbon compoxmds, the theory has now been presented that 
the four points of attraction of a single atom of carbon are ordinarily dis- 
tributed about its central |K>int somewhat as are the four apexes of the 
regular tetrahedron. Again, when the scries of carbon atoms are attached 
in circuit, it is sup(x>setl that in some cases one carbon atom is related to 
its ncighlK»r as if the apex ^>f a tetrahedron were presented to the apex of 
another tetrahedron. Again, in another case, a carlxsn atom may be 
attached to its neighbor as if an edge of a tetrahedron were presented to 
the eilge of another tetrahedron. In the former case it is supposed that 
the one carlwn atom is capable of a certain amount of rotation about the 
other carlnm atom. In the latter case such rotation would naturally be 
impracticable. It is supposed that this theory contributes something 
toward explanaliv^n of asymctric c.\rlH)n com|>ounds; such, for instance* 
OS the ditVerent varieties o( tartaric acid. 
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THE THREE STATES OF MATTER. 



SOLIDS, LIQUIDS. AND CASES- 

The various kinds of matter known arc capable ofJ 
arrangement in a series representing many stages of 1 
tenuity. Between the most rigid solids on the one] 
hand, and the most rarified gases on the other, there 
exist substances which possess many degrees of den- 
sity, the progress from one extreme to the other being 
exceedingly gradual. 

There are even no well-defined lines of demarcation I 
between a solid and its own liquid, and between a li- J 
quid and its own vapor. Indeed, Thomas Andrews has 
shown that in case of the same substance there may be 
even a continuity of its liquid and gaseous form. Thus 
water may exist in a closed vessel under such condi- 
tions, at once of high temperature and pressure, that ] 
the upper portions shall be gaseous and the lower por- 
tions liquid, and yet the latter may show no top surface 1 
or other evidence of a distinct place where liquid ends 4 
and vapor begins. 

For purposes of convenience, however, chemists admit^ 
the existence of three, and perhaps four, states of mat* I 
ter. They are called respectively the solid, the liquid,, 4 
the gaseous, and the radiant forms, 

From what has just been said, however, it is evident 1 
that it is not easy to define the four terms used, 
35 
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- In gcner^ a solid is a form 
matter |X)ssessing such rigidity that a given portion 
it resists with considerable vigor any forces that tend 
to change its shape Of course, then, a given solid does 
not — unless under w^ry great pressure — assume the 
shape of a vessel in which it is placed, and except, of 
course, the one was contrived to fit the other, or the 
solid is in the form of powder. (Possibly the latter 
qualification is unnecessary'.) 



A Liquia Dttfin«d. — In general, a liquid is a fluid form 
of matter having such internal mobility as enables it to j 
assume the form of at least the lower portions of its j 
containing vessel, whatever the shape, and provided I 
only that the liquid shall be in sufficient quantity. 
Further, an untrammelled liquid has usually a horU J 
zontal top surface. 

A Oaa D«Sn«d. — In general, a gas is a Ruid form of 
matter such as readily (under ordinarily prevailing con- 
ditions) assumes the shape of the containing walls of 
any vessel whatsoever. Far from having any distinct 
tef surface of its own, a gas has sufficient expansive 
force to lead it to fill entirely any containing vessel 
whatever its sire. 

One uf the most cbaraclcrutic realuna "f bodla when in ihe gtaetu^i 
Klate u (he peal change in vulumc «hkb the)' may he ea^ made 10 
uoderito. Their volumes arc particulatl^ »ciui(ivc lo change of pr 
and (if IcDipcnltUTe. When the gas is healed, great eipaouon take! place 
if Ihe walls nF tlic vcs«el arc such as permit it. (If cxpansiDn b fall; re- 
siiteil, however, there ii still an increase <>( tension or expanure force ink- 
parted lo the gas. Hence ai!i!ition of heat may produce increase cf rolMBt 
□r a gas Vihen prenurc is maintaind constant, or it ma; produce incresN 
□f tension when volume is maintained constant.) 
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An'lrews lecDminends that the term gui be reserved fur b suljslance J 
when il is It a temperature hieher Iban its critical puiiit. He reccimmeadl ] 
that the term lin/orbe applied to ttsubslancc, — in Ihe gaseous condition,— i 1 
but eiisling at a lemperaliue below its critical ptiint. 1 

The term I'fl/ur is applied, in a general way, to those gases which nre 1 
cosily coodeDsible to the liquid fuTni. 1 

The modern scientist accepts the hypothesis that even J 
a given small portion of gaseous matter is made up of I 
millions of millions of molecules, and that these arc in \ 
rapid motion in all directions. In all ordinary gases tho J 
length of the mean free path of a molecule is exceed- 1 
ingly small as compared with the dimensions of the I 
confining vessel ; in faci, in every second of time each I 
molecule has millions of collisions with other molecules. ] 
Indeed, many of the well-recognized properties of gas- I 
eous matter are referable to these constant encounters. | 

Importance of the Stnd; of Oaaee. — Several of the gen- ] 

eral laws of matter relUe to it while in its gaseous condi- ] 

tion. They show that bodies of the most diverse chemical j 

constitution and properties, possess many close physical J 

correspondences when in the gaseous form, while the ] 

solid and liquid forms possess no equivalent resemblances. \ 

These facts create the belief that there is some funda^ j 

mental similarity and simplicity of molecular condition \ 

characterizing the gaseous state. Hence this condition j 

has been very carefully studied as that affording to 1 

molecular science the best common ground for the com- ] 

parison of bodies. The hypothesis of Avogadro and ] 

Ampere is a result of this view. (See p. 78.) I 

It is probable, however, that ■ given sulstance may possess in the leliJ J 
condilion and in the liquid condition molecules conliinlng a greater nutur I 
ber of Btomt than it bas while in the jo/nfuf condiliun. J 
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Tims it his tmn dtovn faj Raoolt aad by TIkmiicb, fmoi ir 
BBular points of Tic*, thai the Botrcdn fonBala oT fif Mi/ WMW n 
UTM great »H,fV (ThisikwsDot ianlkble thettBlenwnlof Ibefon 
of HM/rr M^ wi H,0.) 

It ii probable that tbc ijrtais of moleciiles in liqidfii uid so^di we not^ 
ontjr Tcrr dilEcrenl bum tlwac of gaics, bat that they rtiy greatly amuii( T 
tbcBBdirca. Tbcse molecnlaf tggng^liata, too, are pttdiahh nut peniw- I 
Belli, hal ant continnally Wealing up. tlicir con^lufnts changing paitnen. 
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Radiant Matter. — The radiant form of matter is mudl, 
more tenuous than even the gaseous, which it most rcsei 
blcs. Inlhe radiant form the molecules arc verj' far apart 
compared with their distances in the gaseous form. It 
is this circumstance which leads them to display physical 
properties different from those of the same bodies in the 
gaseous condition. As a result, also, the mean free 
jiath is rendered so long that the molecular hits in a 
given time may be disregarded in comparison with the 
misses ; thus each molecule is alloweil more fully to 
obey its own laws without interference. When the free. 
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path becomes so long as to be comparable with the 
dimensions of the vessel, the properties which charac- 
terize the gaseous condition are reduced to a minimum, 
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and the matter becomes exaitcd to the iiltra-{rascoiis 
state called the radiant condition. 

The study of radiant matter has been conducted of 
late years with great earnestness and success by I'ro- 




FK. II. — CRukct'ibalb. TIk bulb can 
m. Wbcn ill* iltcirfc (UTTwi it pauri ili 
piul Uw paikll», selling iIk wheel in mar 



feasor William Crookes of London. His experiments 
I have been conducted in glass tubes or bidbs from whose 
I interiors the major portion of gas originally within them 
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tus been reawwd. The minute purtions remaining are^ 
ibcB ID tbc ndnnt fora. Professor Crookvs has investi- 
pted the prapenies of ntfiant matter by the use oE 
these tabes and certain ingenious mechanical appliances 
coostmcted witluii tbcm. He seems to have demon- 




I 



stratcd a number of propositimis like the following; 1 

(1) The length of the mean free path of molecules oE'l 
matter in the radiant condition can be measured ;' 

(2) radiant matter exerts powerful phosphorogenic ao] 
tion where it strikes; 0) radiant matter proceeds in J 
straight lines — it will not turn a corner ; (4) radiant'] 
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matter when intercepted by solid matter casts a shadow ; 
(5) radiant matter exerts strong mechanical action where . 
it strikes — this is proved by various forms of the well- 




lofB. Under ordlnuy 
bulb, tha gu u inurce; 
iodiolcd, the makduJc 



known apparatus called Crookes's radiometer ; (6) radi- 
ant matter is deflected by a magnet ; (7) radiant matter 
produces heat when its motion is arrested. 



CHAITER V. 



CHANGE FROM ONE STATE TO ANOTHER. 



INFU:E.NXE ok ADDITION ^\.VD OF WITHDRAWAL OK HEAT. 1 



- Of the seventy chemical elements, five I 
arc gaseous at onlinary temperatures. — hydrogen, nitres I 
gen, oxygen, fluorine, and chlorine. Two are liquids, — 1 
bromine and mercury. The others are solids. 

The terrestrial globe (with its oceans and atmos-J 
phere) contains a vtry targe number of compound sub- 1 
stances. Under the conditions of temperature pre- 
vailing, the majority of them arc solid; a considerable 
number exist in the atmosphere in the gaseous form ; 
there is one widespread liquid. — water. (The water of 
the ocean, it is true, holds in solution a good many sub- 
stances which may be considered to exist — for the time 
being — -in the liquid form.) 

Chemists have recognized an enormous number Qt\ 
compound substances other than those existing in na-l 
ture. Of these, some are solid at ordinary temperatures, f 
some are liquid at ordinary temperatures, some are gas-1 
eous at ordinary temperatures. 

Influence of Heat. — In general, the condition of i 
substance, whether solid, liquid, or gaseous, is mainlyl 
dependent upon the amount of heat it contains. Of 1 
course the foregoing discussion has dealt with sub-j 




Hincc M railed or lowered by addition or withdrawal of heit rcip«:tlvely. 
allhough not in exacl proportion to the amount ad<lcd or withdrawn. The 
•ctu^ change of lemperatuce is modilieii Bomewhat by certain natural 
pTi^rtira o( the sulistance, which give rise In the phenomena of ipecilic 
heaL (See p. 45.) 

The addition of heat to a body tends also to advance it from Ihc solid to 

the liqnid, and even to the gaseous state. And likewise the withdrauil of 

rom a body tends to reduce it from the gaseous to Ihc liqni'l anri 

o the solid stale. The wnrd /nuii ii Died here with the admission 

t, whQe in some cues the tendency is realized and the result aonghl is 
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UluDeil, ID othen il is ant. In > few of Ihe litter cases the rcquirilirl 
amounts of heating ur cooling infiucnccs ate nut 
present at ihe cummaod of the chemist. In manj i 
fetes. (See p. 49) 

A Double Ctutnge of Btate. — Certain well-known substances m 
be made nl uill, I'V addition or snLtiacliun of tnodcralc quantities of heal, 
to occupv cithtr Ihe solid, the liquid, or a gaseous slate. Sulphur and 
phosphorus are eiamylcs of such elementary lubslaDCes, and water U an 
ciamjile of sutb a impound subslanec. 

Il is mil ensy, hoiicvet, to give m,iHy familiar examples of this sort. I 

A Single Change of State. — There' are, however, many well-known I 
cases of substances ordinarily solid that may be changed to the li(|uid stale. 
Thus, pnibably e«ery oue of the chemical tltmniU, suliil at ordinary 
lem))enitnres, may lie liquefied (carbon, perhaps, eiicepled). Again, the 
two liqmd elemenia, bromine and mercury, may be vaporized. Further, 
the gaseou) cicmenix may all lie liquefied and proliebly even sulidilicd. 

Most lomfvHHil substance*, whether natural or arliBcial, which are solid 
at ordinary lempcntuin of the earth, may l>c liquefied; anil in must casec 
these liquids — and also compound subsUmcea liquid at onlinary lempera- 
lutca — may be vapuriwd. An important enceplion must of course be 
ni*i1o uf that large class of organic lubitancea (especially the otganued 
ones), which, ordinarily solid, undergo dissociation — and thai without _ 
llquefyins — by addition of a moderate amount of heat. The st 
mcot applies aUii to certain substances which may become liquid, but di 
luciile upon heating, before changing to the state of vapor. 

In general, however, the chemist asaumes ihat there are conditioia-r^ 
perhaps nut alwara easy to secure — under which every substance, witli B 
general exceptions noted, may be made to assume the solid, the liquid q 
the gaseoiH state. 
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CHANGES INCIDENT TO ADDITION OF HEAT. 



AUnmON OF HEAT TO A SOLID. 



When heat is added to a solid, a series of effects may 
be produced in more or less orderly sequence, somewhat 
as follows : (i) rise of temperature according to the 
specific heat of the substance ; (3) melting, associated 
with disappearance of heat under the conditions called 
latent heat ; (3) a series of efifects upon the liquid as, 
' for example, rise of temperature according to the speci- 
fic heat of the liquid; {4) partial vaporization followed 
' by boiling of the liquid ; {5) complete change of a liquid 
I to the form of vapor; (6) incidental to many of these 
stages is expansion, whether of the solid, the liquid, or 
I the gas; (7) dissociation may take place at different 
I points of temperature according to the nature of the 
I substance, />. in some cases a solid may dissociate, in 
J other cases a liquid may dissociate, and in yet others 
L dissociation may only take place after the substance has 
I attained the gaseous form and the gas has been sub- 
I jected to an extremely large addition of heat ; (8) fin- 
[. ally evolution of light may occur. 

RIba of Temperature according to Specific Heat. ^The 
I specific heat of a substance is the special amount of 
Kheat involved in its rise or fall of temperature. To 
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change a pound of water une degree upward in icmpetvl 
ature, a large amount of heal must be added tu it, T* 
change a pound of w,iter one degree downward in tem-] 
perature, a large amount of heat must be subtractect.1 
from it. Most other substances have lower specific] 
heats than water ; i.e. a smaller amount of heat, added or] 
subtracted, changes the temperature of a pound of aa)r 
substance other than water by one degree upward < 
downward respectively. 

TABLE OF A FEW SPEQFIC HEATS. 




I 



OrKdnal MoIUhk. — In some cases of addition of 1 
to a solid, liquefaction seems to be a gntdual prot 
and the temperature of the solid steadily rises. Sealinj 
wax illustrates this case. It becomes softer and softq 
until distinctly liquid. This kind of melting is moi 
common in substances of decidedly heterogeneous c 
position. 



I 
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Partial MeltiiiB. ^ In othi^r cases addition of heat fully 
melts a portion of the mass of solid, leaving the rest ' 
hard. Little by little the whole liquefies. 

This kind of melting is most common in bodies of 
uniform structure and marked crystalline tendencies. 



a (Iiatent Heat of | 

c lallct cases U the 

Q its complflion, Iktre is ita 

y thus be rciiJcicd la/tat 

ss. Ice ia an exmnplc of 



Dlaappearance ol Heat daring Iifquefactioi 
Liqoebictloii). ~A most important fea 
fact that, from llic beginning uf UqucCaction t< 
riu of Umpfraliir,: Urge amounts of heat t 
without vfTcct upon the Itmfiralurt of the n 
this process. 

When ice of the tempemture of o" C, receives such an addition of beat 
as will but ju^ liiiuefy it, the water so produced dues not nse in lcnlp«in- 
ture, but slill remains at 0°. In fact, one kilogmnme of ice absorbs, while 
melting, 79 units of heat without any rise of tcmpcrBture at all. The heal 
u abiotbcd is colled latent heal. That it has merely undergone some 
tempoiarj modiHcation appears from the fact that when water is solidified 
into ice it atwayi give* out 79 units of heat; in other words, the precise 
tjitantitf it previously disposed of. Moreover, the water makes this latter 
change without any fall of its temperature. 

In cases like the foregoing, the heat which does not increase the tem- 
petature Is supposed to do some kind of internal work in changing the 
structure or positions of molecules. 

In general, a definite amount of heat becomes latent when any solid is 
changed to the liquid form, and it reappears when the liquid changes back 
agBin to the solid form. 

That solids in changing to the liquid form do indeed absorb beat is 
cosily proved in cases like that of snow or ice melting in the hand. 

Excwptioiiai Casea. — There are certain exceptional 
cases in which a solid, when heated, turns so quickly to 
the gaseous form that it seems as if it did not exist in 
the liquid form at all. Solid iodine is an illustration. 

Bxperiment. — Heat about one gramme of iodine crystals in a large 
flask, Willi the intention of liipefying il if possible. It may be noted that 
the substance tunts quickly to gas, ap|>aiently without Hrjuelying at all. 
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Observe bIh) that ihe iodine vapot cundcnses in Ihe upper part of the 1 
Jni mediately tu the solid form. IT it cuadcnicd tu Ihe liijuid form, it mi^tl 
lie eipccteil to form id drops or run down in streams, as many other coft- ■ 
densing gases and vajiora do. 

NiTE. Remove the iodine from the llask as follows; Introduce a 
i;.c. of water and aliout onc.half gramme of solid potassic iodide. LcVl 
the solution flow to different puts of tbe da^ so as to dissolve thea 
iodine. 

SpontMieoiM MelUnE In tba Air. — Certain solids rndt I 
upon exposure to air of the ordinary temperature. Ice is 1 
an excellent example. It melts by the addition of heat ] 
from the atmosphere or from any surrounding solid 1 
or liquid bodies. The surrounding substances are ofl 
course cooled by the process. Many cooling operations f 
in the arts depend upon this principle. It must bQ.fl 
observed, however, that the heat lost by the cooIediV 
objects is absorbed by the melting ice as latent heat. 

Bpeolal Forma of IiiqnefROtion. — In each of the case8,4 
previously referred to, a single individual substance hai 
been assumed to liquefy by the addition of heat. Thertf I 
are many cases in which two substances together form 
a single liquid. Thus two solids, when properly inter- 
mingled, may change to a liquid. For example, solid 
ice and solid salt, when pulverized together, turn into a I 
liquid. Then the one substance dissolves in the other; I 
i.e. the solid salt dissolves in the liquid water. 

In some cases a solid becomes liquid by solution illl 
some liquid. Thus liquid water and solid common sal^J 
when intermingled, may form a single liquid. Of cours 
a solid sail has dissolved in the liquid water. 

Thus ammonic nitrate, ammonic acetate, potassira 
iodide, and many other solids, when placed in a sma] 
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I amount of water, dissolve very rapidly; at the same 
time they absorb heat to a most marked degree. 

In all such cases heat is absorbed. It may be called 
latent heat of solution as distinguished from latent heat 
of liquefaction already referred to. .,, 

Otbar Special Coaaa. — Many 

ipccUltaieaare known in ahichsmix- 

e solitls mclls at a 

' lower tcnpctalurc than Ihnt nl whicti 

he eaiuit-mtUiHg ont mults alune. 

Thui certain alloyt of bisnialh, tin. 
kad, and cBdmium, callcil fusilile al- 
loys, melt at ihe temperature of abuut 
160'' Fahrenheit; that U, Hfly degrees 
below the boiling.point of water. But 
I the melting-point uf tin alone, the 
Rideit melting, is 451^ F.' 
So alsn certain mixlurei of chemi- 
cal salts, called salt alloys, illustrate 
the *ame principle by melting al a 
lower point than cither salt singly. 
I These and other uimewhat similar 

I phenomena are classed undcrtheterm „ ......... 

' ' . . , , Fk. i).— a rod sT fuDhlc •iloy u 

tuttxta. An culcctic mmlure of sub- ,„,p„j^ ;„ ,hj ,„^ riung from boil- 

Mances b thai mixture which pas- ini witir. The rod aidu and bill in 

II Mill R lower liqucfying-point than liq"''! dropi. 

that of either constituent separately 
' Of any other mixture (not chemical compound) of them. 

These phenomena must probably lie referreil tu siimu obscure chemical 
I combination of the substances involved. (Sec p. 172.) 

DlMoclatloii. — In case of certain stibstanccs dissocia- 
L tion takes place at a temperature far below that at which 

■ Melting-pomt of lin nione 451' F. 

" " '■ biimuth alone 515" F. 

cadmium alone ff»V. 

" " " lead alone 619* F. 
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the substances become luminous. The familiar case « 
mercuric oxide affords an example. On the other han^V 
some substances seem never to be decomposed by merel 
accession of any such quantity of heat as we can add 1 
them. Silicic oxide, sand, is an example. 

fn a third class of cases dissociation occurs, but it \t^ 
merely temporary ; that is. if immediately after dissc 
tion the temjjerature of the substances falls slightly, th) 
dements recombine so that the original compound reap-] 
pears as if it had never been decomposed at all. Fm 
this reason many of the facts of dissociation long escaped! 
notice. Of late, however, new methods of experimentic 
have made it possible to prove dissociation in cases isfl 
which it was at first unsuspected, and later even denied, J 

When ilinociatiun docs uccut, it Tn*y be sappoicil that the kccowol 
hcnl hu (iccome to gtcll *s to \inxiucc mil only motian of the muleculo 
u wbold, l>iil, further, to produce » mation of the atoms within the mole- 
culct; In it* ekrliei itagci producing tome of the phenomenu of tpetilic 
hckl, in ill later one* ihe heal icenu to incnaie the ilinnic motioo until 
the cunitiluent atonn move thtough such iliatances as throw them outside 
L f Ihe range of the force '•! chcmital affinity. Then occurs ilissoLiation. 

It may be atldcd paretilhetically that in ihc licw of certain rroinent 
investigators thii line uf research suggests the prohahility that « 
cummonl)' rcganled as ultimate atoms may themselves lie diautciued h 
still greater heaL In this view the numhcr of true clementar]r at 
is much sroaUcr than is now adnitltol. (.See p, 29.) 
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ADDITION (IF I1E.\T TO .\ LIQUID. 

When heat is added to a liquid, a scries of efl 
may be produced in more or less orderly sequence; 
correspond tolerably well to those associated with 1 
addition of heat to a solid. They are somewhat as I 
lows; (l) rise of temperature; (2) expansion ; (3) vapi 
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ization, associated with disappearance of heat as hitent ■ 
heat of vaporization ; (4) boiling ; (5) dissociation may ] 
or may not occur ; (6) if the addition of heat is contin- 
ued, evolution of light may he produced. 




PK. »4.— 0«fo.n.i,fCiit(',i..mjch.ne The [Mirpu 

wUhdrnon Inm Ibe IU>k D. The warn npm 
acM plnted m the trwrvoir «. Tha ahnrptiun 
heaulphunc acifl >» aj^itMrd by ■ pEun^r in C- 
m (he iiii^ux uf ihe warn in /> nbvirb* n miicli Eai? 



RlM of Temparmtnre. — When heat is added to a liq- 
uiJ, the lemperatuR- rises, according to the relations of | 
the liquid to specific heat, until the boiling tenipcratura i 
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is reached. The boiling-point %'arie5 not only for diffei 
ent liquids, but \-arie$ for the same liquid according ta.l 
the pressure at the time pre\'ailing. 

VaporiBatjon <rf Uqnlda. — At all ordinary tempt 
tures a liquid gives off i-apor into the space above ilJ 
The amount of this vapor depends on the nature o£^ 
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the liquid and the temperature prevailing at the time 
of the experiment. The vai)or exerts a pressure called 
Tw/'cr prfusure. Al first vapor comes from the surface ■ 
only. As the temperature rises, more and more vapor •] 
rises. At length the entire mass of liquid reaches a J 
point al which bubbles of its vapor may form in paitB 1 
of its interior, and may even acquire sufficient vapor J 
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pressure to come to the surface of the liquid without 
condensation. Then boiling begins. 

During the conlinuince of Iwiling, iargr amouitts of heal may be ulded 
to the liquid without raising il& tcmpcralurc above Ihe builing-faiHl firr Ikt 
farlicMlar prtaurt frr 
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FtG. a, — UacIhih far pradudof utificuhl 






1 the 



nolcculcs of lirjulil in changing the! 



A matkcd cnncealmcnt of hcut takes pincc when walpr at loo^ C 
changcil into steam of 100° 1'. In this tasc atxi an amount uF heal, ei 
lu thai ronilc latent, reajipears when the tcvftk change of Hate takes 3 
place. That l«. one kilogramme nf water i>r too' C. in changing lo vapor 4 
ot too" C. alisnrtis $]6 uniti of heat (without any riw of lemperalore}. 
Again, one kilogTaminc of tleam at itxP C. upon cundcD«ng to one kilo>' J 
gniniDe of water at 100° C. evulves 536 unit* of heat 
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words, they have low boiling-points. Ethyl ether (alsoJ 
called sulphuric ether) is a good example of a liquid I 
of this sort. Of course in this, as in all cases, heat i 
rendered latent. Heat is absorbed from neighboring 
objects, and. as the evaporation proceeds rapidly, rapid 
absorption of heat is associated with it. The ordinary 
statement is that such evaporation precedes cooling. 




lea MacblBsa. — The ice machines in coninion lue depend upon the 
princi[>1i.'B ulrmdy stitet). The substance odencst used is tmmunia gu. 
Ill unc pari of the machine amniuiiia gas is condensed lo a liquid by the 
■id or pressure and a considiraUr amaunl uf cuol walec circuUling aboHl 
the vcisel in which the ammonia gas is confined. 

Ntit the liquid ammonia is transferred to another portion of the tppft* 1 
nilus. Here its vessel is in indirect contact with the wplcr to be fi 
Upon opening ■ Mopcock, the liquid ammonia ntshei Into vapor, imtantlr^'S 
unt of heat fium the water, and Ibcreapon « ~ 
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CHANGES IHCIDENT TO WITHDRAWAL OF HEAT. 
WITHDRAWAL OF HEAT FROM A GAS. 

When heat is withdrawn from a gas or vapor, the sub- I 
stance manifests various phenomena, simitar to those I 
already referred to under the head of addition of heat, j 
only, of course, in the reverse order. 

They are, among others, the following : (i) Cessation ' 
of the evolution of light ; (2) recombination (in some 1 
cases of dissociation) ; (j) fall of temperature ; (4) dim- 
inution of volume; {5) change to the liquid furm; 
(6) evolution of latent heat. 

If the liquid formed is subjected to further withdrawal 
of heat, other changes follow. (See p. 59.) 

Uquefactioii of aaset*. luitent Heat — In accordance 
with the general principles already enunciated, il may 
be expected that liquefaction of gases* should be attended 
with evolution of heat. This is indeed the case. In 
changing from the state of gas to the state of liquid, 
heat is given out. The heal is absorbed by any suitable 
body. If the body is cold, it becomes warm thereby; 
if the body is warm, it becomes warmer still. 

Tbese Iwo sUlcmcnls, simple m they apjuar, arc wcirlhy of fuithcc ex- 
uninntion. A cold body condenses vspu». the cold body thereby becom- 
ing iligbtly wBtmer. of course. Ahnoai the otily cummoniy-known cue 
of 1 niodetalely warm iHidy condeniing vapor ia when: lotnc warm Imdj 
condcnfcs Btesm; t'.r. water-vapor. If steam fulls upon a pcnuu's h<nd< 
the Mcam condcnaei to drops of water. At the >amc time blent beat ii 
evolved, and the hand may be severely bnmed. Again, in steam-heating 
■ppliBDcei the sleam, condeniine in the suitable pipes, evolve* its latent 
heat by the act al condcnMtion, and thus the ait of the buiUling ma]^ be 
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■ liigucractinn dT athaa dioiiile gu. The gam itM 
ubc, caDuininc lulphiirie add, u 
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R amicnteA Inip ibc liquid Ibm bjr Influsi 



E sT ihc gnat pfeumaf ||i 



In the form of liquiil, tittfl lehrH Iht)^! is al er htlaw n itrloin feim 
ttmfitraiurt. This point dilTcn for [liferent kbic*. ll is mlleil In e 
cue Ikt critUal faint. 
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The lanie fads may lie statcil, in r surl uf revcne<i loim, as full'i 
for c*ch liquid /ktr^ is a foiul of ttPtpgralurt at whiuh Lhia liquid wiU 
flsiuiue the gaseous form, ou matter huw ^eat (he mechanical ])rcBEure 
then oppining il. This is another ilelinilion uf ihc critical |ioinl. 



wrTHllRAWAI, OF HEAT i'KOM A UQUID. 

When heat is withdrawn from 
a liquid, a series of effects are 
manifested as already indicated. 
They are in the reversed order of 
those noted when heat is added 
to a solid. 
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If Ihc withilrawal cf heat 
I l*Kii 



L !n^ I.) Its ^-ci.lc hc.iL In <lu.- time Ihc Iliiuid may change i 

n.nt no fall of Icmiierature 
L ta'.L-s plajL-, liut iNe liial iiilhilrawn fnim 
I llKLi<iailissu)iiiIi.-.1 1>/ the lilieration cf 
l-latcnt bcBl As s.mn as a^liiti.icAtion 
F has bcciunc cumpltte the eviiluiiim uf 
I latent heal ecBm, anil the suliil lirgLtis 

I t>ifaU in temii-irature in accorJaDcc »iih 

s spcei.ic heal. Al the same time, uf 
mm;, ilcnntracls in vulumc. The gEn- i 
[r1 sUlemcnt of the scries of |ihcn»m- i 
I cna uaocialeil with U'ithijrawal uf lieat 

SoUclifloatlou of Homogene- 
I oaa Uqulda. — A liquid con- 
a sin^^lc cltnicntary 
substance, <ir a liquid consist- 
I ing of a single compound sub- 
I stance, may be called, in a general way, Iiomogei 
I (See p. 17.) When such liquids solidify, they may, 
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under certain conditions, crystallize ; under others, not. 
The size of the crystals, and in some cases Ihe partic- 
ular form, depends upon the circumstances under which 
the solidification has taken place. 

Solidification of Mixed Iiiquids. - — There are many-l 
casfs known in which two distinct solids, liquefied bj^ 
natural or artificial high temperature, are capal 




Fig. J5. — AppwiUiu Cx Sqoe^ruE uilpliut &HiUe gn. The gn ecnEi 

purifinl in Ihs inih-tuKle t uu) Ihe dijiiiE-luU r, II then conilcnKi la 1 1 
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very complete liquid intcrdiffusion. They thus forinl 
what may be regarded as a single liquid — so long as^ 
the temperature docs not fall the constituents do ootj 
sei>arnte from each other. Of course, however, a s 
cicnt withdrawal of heat produces solidification. It h 
been observed, furlher. that when the cooling procet 
VfTy gradually, a series of different substances separa 
progressively from the liquid. The usual cour 
follows: first, one of the component solids sc 
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next, some well-defined compound of the components 
crystallizes out ; sometimes the operation terminates by 




Fig. 37. — Part of Cailletet's apparatus, showing its position when the tube P 
is filling with the gas to be experimented upon. 



the solidification of a nearly pure mass of the other 
component. 



CHAPTER VI!. 

CERTAIN GEHDRAL LAWS OF HATTER. 

SIGNIFICANCE OF THE GASKOUS CONDITION. 

Dalton's atomic theory, as now received, may be 
said to have its basis in certain fundamental laws of 
matter. The following arc some of the most important 
of them :- — 



Boyle' 



r Maiiotte'a Law of the Fie 



B of Oasea : - — 



T/ie volume of any gas, w/icit confined under a eens/aitt 
and relatively high temperature, varies inversely as the 
pressure to which it is exposed. 

The law is easy of comprehension. 

It states certain facts that are capable of direct experi- 
mental demonstration. 

It is of wide application, for it applies to any gas 
whatsoever. 

It has but one limitation. That is, a high tempera- 
ture is necessary. What, then, is high temperature? \ 
Evidently the term is relative, and its application must 
be interpreted according to the special properties of the j 
gas in question. 

ntr-qirclalion must he (ouaA in what is called Ae \ 
(S« p. SS.) 



The guide lo 
cat fninl far 



When a gas » subjected to varring prcssuie i 
At tritital ffinl. It conronns closely to the law ai 



./.r 
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At temperatures beltKv its <ritictil point a gas is ready! 
to change to a liquid by a slight increase of pressure. I 
But this change brings the substance to a condition ioj 




Fic. -fi. — Robert Boyli. Bon 



which it obeys the laws of liquids, and not laws like thj 
of Boyle and Mariotte, which relates to gases exctu! 

At temperatures slij^filly above the critical point a g 
is found to manifest the beginnings of the influences o 
the laws of liquids, and so it does not conform close 
to the laws of gases. 
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To these explanations of the law the foUi 
nicnt may be addeti : — 

If a given volume of any gas whatever is 
subjected to the single change of having the 
external pressure upon it doubled, the volume 
of the gas is thereby reduced to one-half ; and 
the converse is likewise true — that is, if any 
gas is subjected to the single change of having 
the external pressure u|X)n it reduced to one- 
half, then its volume thereby becomes double. 

But a given gas strictly conforms to this law 
onlywhcn.it is at temperatures far above that 
of its liquefying-|»inl, wherever that may be. 

Chatles's Law of Gxpan- 
■ion of Oa«ea by Heat : — 

T/i£ volume of a ^iviii 
portion of any gus, iimUr 
a constant pressure, varies 
directly as the temperature 
expressed in absolute centi- 
grade degrees. 

Charles's law is a formal 
statement of facts that are 
capable of direct demon- 
stration ; it is one that is 
much used in the study of 
gases. 

TTie ordinary centigrade 
thermometer reads o" at the temperature of freezing 1 
water, and it reads 100° at the temperature of boiling 
water. 




— Appumtiu for ilKHiruig IfaM 
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chftnft of tdIuhk of Ibc £■ 



kmontmilDg ihe Tnnh oS ibc Uv at Cbulcs. A putioa 
■c IranircmJ ID IIk iMbr JfC. Men ll mAy be sulgecl^ 

,rf be Rail off ehher rrmn the pidiKUiMii on Ihe lube BC 
a. Al Ihc Hine lime ihe pu nijr be lubjecKd M ■ liw 
D ihe lube £. nr b]i vilbdnwini <i boa ihe bMHru gf Ika 



The absolute centigrade thermom- 
eter reads 273° at the temperature of 
freezing water, and it reads 373° at 
the temperature of boiling water. 

Now the absolute centigrade scale 
is graded with reference to the fact 
that the coefficient of expansion of 
gases by heal is the same for all of 
them ; namely, for an increase of one 
centigrade degree the expansion is 
i¥s "f the volume the gas would 
occupy at the temperature of freez- 
ing water. 

Since, then, the absolute scale is 
graduated at 273° at the freezing- 
point of water, the volume of any 
gas increases under the influence of 
added heat at the same rate as the 
numbers on the scale do. 

J?uU. Add 273° to any ordinary 
centigrade degree, and the sum gives 
the corresponding absolute centigrade 
degree. 






^=^==^ 


foBloa: — 
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I. T&4r diffitsion-rate of gases of the 


Ihc U> or Boflc and gr 


same detisity is the same, ivkalnuT 




their chemical composition. 

2. The relative diffusion-rales of two 


p™u« » .pplicd u. Ih. 
IKictioa oT gu il AB. 



gases of different densities are inversely 
as the square roots of these densities. 
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These laws are statements of t»cts capaUe of direct 
demonstration. When portions o( gases i>f different 
densities arc brought into direct contact, or are sepa- 
rated by a porous partition only, the molecules of 1 



3i 

;nt 
pa- 




gases are discovered to be in active motion. Incident- 
ally the gases intermingle. These propertii's of gases 
are displayed by the various forms of the diiTusiometer. 
If a iHirtion of gas is confined within the porous cell 
of a diffusiomcter, this gas projects its molecules into 
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the passages of the porous walls, and they pass through ' 
and out. Simultaneously, and in the same manner, any 
external gas projects its molecules inward. But the 
rate of passage is found to be diEferent if the gases have 
different densities. This is proved by the motion of the 
liquid in the gauge-tube connecting with the cell of the 
diflfusiomctcr. It is observed that the molecules of thei 




Fml 44.^0n1i«ii*t appaniL 



lighter gas always move with greater rapidity. A serii 
of careful experiments has afforded the basis for the \am 
already stated. 

The following is an illustration of this law : A givon 
bulk of oxygen gas is found by experiment to weigh aixM 
teen times as much as the same volume of hydrogen 
gas. The density of oxygen is then said to be sixteen 
(it being customary to adopt hydrogen gas as the 
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standard of density for gases). Now hydrogen gas is 
found experimentally to diffuse itself into oxygen gas 
four times as rapidly as oxygen gas diffuses into it. 

The Law of Henry and of Dalton, of the Relation of 
Preaanie to the Solubility of a O-aa in Water : — 

IV/uH a ghen gas is exposed to water 
under a comtaitt temperature, the volume 
of the gas dissolved by the water varies 
direelly as the pressure acting at the time. 

The amount of gas dissolved by water 
varies with the nature of the gas. It 
also varies with the temperature, being 
in general less at higher temperatures, 
it also varies with the pressure acting. 
This last is the only one of the Ihree 
conditions that can be described in the 
form of a law. By the law as given, it 
appears that a gas resting on the sur- 
face of water is dissolved by the water 
to a certain extent. If now (other eon- 
ditions being appropriate) the pressure, 
for example, is doubled, the amount of 
gas dissolved will also be doubled. It 
likewise follows that if the pressure is, for example, I 
halved, the amount of gas dissolved will be halved ; 
other words, under lessened pressure gas dissolved in ] 
water actually comes out of the water, escaping with i 
effervescence. If water, charged with gas under pres- ] 
sure, is allowed to flow from a syphon, the gas imme- ] 
diately leaves the water with effervescence. 



I 
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Tb» IdW of DtAait* Propartioiw : — 

TAr same {vmfommd atwt^s contains the same atomsA 
Htttted in the same frvfarfums by teeight (and by volumt\ 
xeken tkey art gasenu), ami vfitk the same moleatlai 

arfOHgement 

Example: Pure water always contains in each mole- ' 
cule only one atom of oxygen and only two atoms of 
hydrogen. It always contains these atoms in approx- 
imately the following proportions, by weight : — 

Hydrogen .... 2 parts by weight. 

Oxygen 16 parts by weight. 

18 

It always contains these atoms in the lollowing pro. i 
portions, by volume : Two volumes of water vapor when:! 
decomposed yield approximately : — 

Hydrogen two volumes. 

Oxygen one volume. 

The molecular arrangement is believed to be such] 
that the oxygen atom is somehow between the two hy—l 
drogen atoms, — an arrangement which may be expressed-fl 
by the formula, H — O — H. 

This law contains several statements. Some of them 1 
are capable of experimental demonstrations ; some of ] 
them are not. But the latter are based upon a multi- j 
tude of observed facts which strongly suggest their 1 
truth. 

The law as a whole is implicitly and safely relied upon ' 
in all chemical experiments and in the conduct of the 
great chemical industries of the world. 
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The Two LawB of Multiple PropoTtions : — 

1. IV/irii elic fh-menltiiy siibsfitHa- A chcmually imitet I 
•with the ihmcnlary substance IS in more than one propor- j 
tion by weight {and in ease of gaseous elements, by volunu J 
as well), they form more than one compound, and tk£\ 
several compound substances so produced possess well- j 
marked and distinctly different properties. 

2. The several amounts by 7vcight (and in case of gas- 
eous elementary substances, by volume also) of B, thatX 
may combine with the same amount of A, bear a i 
simple relation to each other. 

As a general example illustrating this law, suppose 1 
that the elementary substances A and IS unite in the 1 
several proportions expressible by the formulas : — 

A B^, A B., AB„ A B„ A B,. — It is found that the I 
five compounds formed are essentially different sub- ] 
stances. It is found that several amounts of B repre- 
sented by m, «, 0, p, q, bear very simple ratios to each I 
other. 

As a special example the compounds of nitrogen and I 
oxygen may be taken. 

These two substances unite in five different propor- 
tions by weight and gaseous volume. 

They produce five distinctly different comiwunds, each \ 
having special characteristics of its own. They are the j 
following : — 

Nitrogen Monoxide (i\\0). 
This is composed of 28 parts nitrogen by weight 
and 16 " oxygen " " 



^4 CERTAIN CENERAI. LAWS OF MATTER. 

Nitrogen Dioxide {N^O, or NO). 
This is composed of 28 parts nitrogen by weight 
and 32 " oxygen " " 
60 

Nitrogen Trioxtdt (.V,CJ. 
This is composed of 28 parts nitrogen by weight 
and 48 " oxygen " " 
76 
Nitrogen Tetroxide {Nfi^ or Nd^. 
This is composed of 28 parts nitrogen by weight 
and 64 " oxygen " " 
92 
Nitrogen Pentoxide {Nfi^. 
This is composed of 28 parts nitrogen by weight 
and ^o " oxygen " " 



I 



Evidently in these five conipoimds the several weights^'! 
of oxygen combined with the constant weight of nitro- I 
gen bear the simple ratios i : 2 : 5 : 4 : 5. (For furtho* I 
discussion of these compounds, see pp. 232, 236.) 

NoTK. li will her obacrveil thai in ihc five compounds just cited in iUn» 
Irition of Ihc lasn unilci consideration, Ihc unnuni of nitrogen is tiken al 
« liniii of i:uni|)a(ison, and iti weight is rtprcscnled tiy the Dumber 38. I 
lliil number hu been used liecausc il hss bcun foond, aOei a great multi- I 
luJe of most cirefullf devised and eiecuted experiments, that it 
■peciil tigniticancc in thi« cue. // ti bthmtd to rtfrtuai twm/y-e^iU | 
micrecrilki: i.e. thi nxi^l of iht ameuni ef nilregin pruent i» 
cmk afiaih of the suMancf] rtfrrrtd lo. 

In its lirst stages quinliCBtivc chcmiciLl annlysis makci its statemenli in 1 
pcrcenlage form. Iii (he cases c.f the nilrogrn compounds rcfertei] \% \ 
lach ilatemcnls are given in columns two and three of the following \ 
Ubie;— * 
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» 1 » 


. 


• i 




P..„K..VW»„. 


Wmjin-RATin. 


~ 




Nilmgea 


OiyBBi 


,.^.0^ 


Nitrogen dioxide 
KitrogeD Irioxide 
Niltogen tetroxide 
Nitrogen pcntoxiae 


63-7" 

46.75 
36.91 
3050 
25.98 


36.19 
53-^5 

03X^ 
69.50 
74.02 




■57 (■) 
1.14 (I) 
1.71 U) 

!.JS («) 

''i (5) 




1 <0 

■ (>) 
■1 (3) 

■ (*) 
=1 (S) 



If in these several compounds the nmuunt by weight of ntlrogen in eiek 1 
it taken ai a comnuin unit of compikrisoii, (hen the amounts by weight of I 
oiygcn will be .57: 1.14: t.71 : a.aS: 2,85, and these numtien appear ■ 
once by inspection to be tu each other as 1 : 2: 3: 4: 5. 

It is plain then that the levcra! amounts of oiygcn in these componndli 
combined with the same amount of nitrogen, liear (o each ot)ier the very 
simple ratio stated as 1 : 3 : 3 : 4 : 5. 

In its must advancc<l stages, quantitative chemical analysis employs 
for each elementary snistance a number representing its atomic or molec- 
ubr weight. Thus the siomic weight of nitrogen is believed to be 14 
microeritha, and its molecular weight l3 microcriths. The atomic weight 
of oxygen ii believed to be 16 microcriths, and its molecular weigh! 31 
microcrilbs. * 

Retutning now to the table given, it is discovered that the volume.Talios 
afforded by the live compounds show yet more martcd simplicity. Not 
only do the several volumes of oxygen bear to each other Ihc simple ratios 
1:1:3:4:5. but they also in each case bear a very simjilc ratio to the _ 
constant volume of the alAtr tUment, the nitrugeD. (Sec the la»i of'f 
Gay-Lussac>) 

Ofty-Lniaac'd niree Iiawa of Combination of 0«bm : — 

1. IV/iiii two or mere gases combine, the volumts ^B 
these gases bear very simple ratios to each other. 

2. IVhc/i two or more gases combine to form a product J 
which can remain a gas, the volume of the gas soformed% 




elements bear very simple ratios to their atomic 
weights. 

{In all these eases it is understood that, when undetr | 
comparison, the gases are at constant temperatures and \ 
pressures.) 
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Many illiistrations of tlie significatiim iif these state- 
ments might be given. Two u.sefiil ones are presented 
here. 

Firat DluBtratloo drawn from Hydrochloric Aoid Gaa. 

— The principal points ti> be mentioned in connection 
with the matter here under consideration may be ex- 
pressed by the following equations; — 



One molKulc of 
Hydrogen. 


-^ 


CI, 

One moltcuk or 
Chlorine, 

7< 

paiu by vcighl. 


H 


3HC1 

■Irochlwic aciij, 

73 
pan> by weight. 




li 




11 


H — H 


CU 


-CI = 


H— CI 


H — CI 


I + I 

2 
puu by weight 


3Si + 35i 

parts by wcigbL 


I +35* 

pirls by weight 


■+3St 
36J 

parts by areigllt 



Fl«sr Fact. — Hydrogen gas and chlorine gas chemically cumbinc. 

Second Fact, — Ai n result they pnxluce a new gas called hydro- 
chloric acid gas, having pmpcrtici diftcrent from those of the component*. 

Third Fact. — When hydmgen and chlotine combine, they do lu in 
lh« proportions of two volumes nf chlorine anil two volumes of hydrogen. 

Foi;rth Fact. — The resulting gas has the built of four volumes; in 
other words, there is neither permanent contraction nor permanent eipan- 
«on OS a result of the act of union. 

FifTH Fact. — The combining volumes of hydrogen gas and cblorin* 
gu have the weight-ratio of a: 71 = I ; js-S- Now the accepted atondc 
vreighl of hydrogen ii 1, and that of chlorine is 354. 

Evidently then the (acts slated sustain the statements oi the law. 

Second Ulastratioii drawn from Water Vapor. — The J 

following equations are applicable in this ease : — 



I 
I 
I 
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t«, + o, 



OF MATTEK. 



H&H= 



P«u b, wciita., 


36 


11=0 


'H 


3+16 


2+16' 



3» 



36 

p*tU hy weighL 



F^an FM.T.— HsnInfMi cm utd oktsck ^s chcmkaUy untU. 
SnvMD Fm-I. — Ai ■ naOt ikcypnuliKT * aew eu or npor caUed 
h<r(ric t4hl> It iMin nfHw. I m i ^ |«apettks iliKcrcot froni IhoM cf the 

I'tilKii K.UT, — W1m« h j j i af u i wd oxyKen cumbbe, Ihey do so in the 
|<ti>|»ttKiiui\(r»inn))iu>«orhirilNC«nuMl too voIuidh of oijrgcn. 

Fiii'lirH Fmt. — "nic mvhing eas has the bulk of four vuluma-, thai 
1^ the wm* wttiihl >if itMllM hu bcm (lAckcd into sauUei ipwc by the 
tafltKiKV III Ihc vhrmicat union which has taken place. Thu there ha* 
h«on • (wnnanenl t«t<ac1h« fruw a lutal of ui voluma to a total of four 
vnlamn. The ratio ufb: 4 =: j: 1, u>l b a very simple one. 

fintl Kaci. — Th« oimliinins volumes uf hydrogen gai and mytEcn 
gat Imvc lh« welxht-iatio nf f. ^ = a: tb. Noh ihc accepted atomic 
waixht I'lhyilnii^n it 1, and ihal v( oxygen b ib. 

Kviilenily, then, the facti Kat«d tudet thk illusiraiiun siutain the lam 



Hypotbesia of the Sise of 



J 



Avogadto'n and Ampoi 
Oaaeoua Molecules - — 

Equal voiuniei uf all substaHcts, "ivhcn in the gaseous 
state, and under like conditions of temperature and pres- 
sure, contain the same number of molecules. 
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Evidently the hypothesis declares that if, under cer- ' 
tain conditions, one cubic fuot of oxygen gas contains n 
molecules of oxygen, then under the same conditions 
one cubic foot of nitrogen gas, one cubic foot of hydro- 
gen gas, one cubic foot of compound gases, as carbon 1 
dioxide (COJ, ammonia gas (NH3), each contain n mol- J 
ecules of their respective substances. 

This hypothesis seems to follow directly from the ] 
laws of Boyle and of Charles. For if the material J 
groups we call molecules exist at all, and if expansion ] 
and contraction of gases are in fact due to the mov- 
ing apart or the moving together of these material 1 
groups, then the observed exact correspondence of the | 
laws of such expansion and contraction, even in differ- 
ent substances, points conclusively to the existence 1 
of equal numbers of molecules in equal bulks of 1 
gases. 

The hypothesis of Ampere is not the expression of 1 
distinct and easily verified fact. It is rather the most] 
reasonable explanation of a series of facts which cannot 1 
well be correlated without it. 






Iiearing, Iht; fullowing chciuii;al illustraliun may be i 



FlKsr. AmmonU gas (NH,) and hydrochlurit acid gu (HQ) i 
be provnl, by processes independent uf this hypothesis, lu havE the (or- j 
nulls bcrc tsaigncd them. 

Skcond. They ate fuund by analysis lu have the respective molecoUl | 
weigbis 17 and j6,4- 

Thikd. It is found expcriiDcntally that they always combine ii 
ptoportion of 17 parts by weight uf ammonia gas to 364 parts by weight 1 
of hydrochloric acid gas. liente they unite molecule fur molecule. 

Fourth. It U found that they unite in equal volumes. 

Whence these equal volumes appear to contain equal numbers of'] 




(•vs. Bal the 

mak x ^a ame m fanicBhri]r Mlire 
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TIk p«tloo 
_ s Am d( the lifd«3)^ gas. 

^^^T^ggf iMfTlfririK.iiilABi«i<»telhrgf«Jinqi«c(of 

'*"~n '" * • 'Ci' nUi ■!■ ii^il' iiiliiMi i, limit 

Tio* it B to be sated IhM n tks mxdmI case dw bnpu^ it n|iul In Ibe 
^PKi of Ac k^tfogn Molnaks is ikc echc* cnei l>« i& both caes the 

dnw IkM th« m^pmct ut kny moring bodf imj 

**f»». Tllea the i^nd o* a nuriaf mutocBlc of h<-jrog«n and of an. 
gen my be eapuMe d tqpcaiTelT BfuDan: — 

I (iropacf bT molecnle of kydK^eB) = \ m^ 
''(impact of molecule of hTiln>gen) = j m't'*. 



Bui il hu been sbuwn alic 



y Ihal ill Ihe caic of e.jual volumes of tl 



Taking Ihc vclodlir of the oxygen molecule (i/) si the un 
on i.f velocity uii'l cMng it 1. nn.l sulBiituting for « anJ «' the ratlM «f "3 
t.elr rcpeuivc moUciilar .v^iel,,,, , an,| ,6. „^. „i„ain. 
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This result means that when the velocity of the oxygen molecule is 
called I, the velocity of the hydrogen molecule is 4. Now this is in fact 
the rate of motion of the molecules as proved by Graham. And the result 
obtained from the course of reasoning here pursued has involved but one 
supposition; namely, that the two e(}ual balloons, or in fact any two equal 
volumes of the gases, under like conditions of temperature and pressure, 
contain equal numbers of molecules. 

The correct result attained contril)utes materially to place the h]rpothe- 
sis of Avogadro upon a mathematical foundation. 
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CERTADt PORKS OF EHERGT CLOSELY COHNECTED 
WITH CHEMICAL CHANGES. 



HE-VT ANU ELECTKICn^\ 



I 



It has been remarked that " a chemkal operation pre- 
sents two aspects to the in^-estigator ; it involves a. ' 
change in the form or distribution of matter and a 
change in the form or distribution of energy." 

Two forms of cnerg)- are especially involved in chem- 
ical changes : they are heat and electricity. 

These subjects belong in a certain sense to the de- ) 
partment of physics, yet by their sources, uses, and | 
effects, they arc so cU>scly connected with chemistry ] 
that they admit of brief discussion here. 



The invisible agency by whose transfer sensations of 
warmth and cold are protluced, is itself called heat. 
Two kinds of heat may be distinguished: — 

1, Ahorbt^d htat is that which resides in a hot body, 
often remaining in it for a considerable time. It is 
transferred to another body, mainly by contact. 

2. Ratiiaut htat is heat in the act of jiassing with 
great velocity (about 190,000 miles per second) through 
space, whether vacuous or otherwise ; radiant heat may 



CERTAIN FORMS Ol' ENERGY. 



; either dark heat or luminous heat (the latter form 
being commonly known as light). 

Theoriei of the Nature of Heat. — The dynamical the- 
ory of heat, and that now generally accepted, supposes 
that al! matter as well as all space is pervaded by an 
extremely delicate and elastic medium called the ether. 
This theory regards (i) absorbed heat as a vibration of 
the molecules of matter; (2) radiant heat as an undula- 
tory movement in the ether. 

Heat aa Motion. — That heat is not a form of matter 1 
appears to be shown by a variety of facts. For exam- 
ple, neither does addition of heat to a body increase its 
weight, nor does loss of heat by a body diminish that , 
weight. 

The quantity of heat in a given system is capable | 
of indefinite increase ; again, it can be destroyed as ' 
material substances cannot. 

That heat is a form of energy — in other words, of I 
motion — appears to be suggested by a multitude of \ 
phenomena. Of these a few may be mentioned. 

FlBSr. The general quanlilalive telalioni between heat «nd in 
motion are scvj limplc. A given amount of mcchanjtal inaliun may be I 
changed into a cenain delinite uDount of heal luiiJ no more; uid on the j 
other hanit. a given amount of heal is capable of generating only a cer 
gieil amount of mau-rootion. 

Somi: of the contrivances urtliiuu'ily used tu elTect ludi interchange an ' 
mpcrfcct anil involve laigc losK-a during the transCurmatiuni; these, how- 
ever, arc not loaaes of the total amount of energy, but only of that poetic- I 
iiUr forai of ii which the B|>|)liancc or machine may be intemled to alfoii J 
Hence the strength of the argument is not im|)Bired. 

S&OUND. The sources of heal are well eiplained by thii view. Thejr J 
ace friction, peicuinon. chemical action, the sun. (The internal heal of S 
the earth need not l>e diKusscil here.) 
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(<1 dM«ce ot •«e. (^ ««*, (<) light. 
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^^ (a) T^M|iwlliil —■ Wlica a pottioB ■ 
i*«h ol wMllii B>^^ « ^°"^ hcu, Ibe cAect 
Makrt Md u l le ant i i b c o l h rise <ic bO 
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1 distinct answer; to imuihct we gel an answer by ub»erving tome 
nvenienl Mconilary eftect. such as the cipaMiutl of i 

Ibernu»co]K. 

"■ IS inarm anil lalJ mean, then, the Iransfei of a certain force in 

in u[ another toward a given liCKly or from it. 

|mse<l that Ihii transfer results in an increase or a decrease of molecular 

Bu( it is supposed that oo known liody exisis in the condition of po»- 
lesaing absolutely no heal; thai is, ni molecular motion. Such a condi- 

n might 1>c ctinntctcriEcil as at a tem- 
penturc of alisolute icro (this lemperalurc 
med to be minus 373 degrees ordi- 
nary ccniitn'a'le). Klnalty, it can easily be 
sbown that temperature, whether judged 
by our sensations or by thermoscopcs, is 
index of the TEal amount of heat 
by a boily. 

Epaiulon. — With few excep- 
tions all iKnlit-s, whether solid, li(|Diil, or '' 
I, expond with addition of heal and Q 
:l upon withdrawal of it. In these 
changcsthe heat certainly produceSB mass- 
motion. It is observed in the alteration •■( 
the bulk of the whole mass of the buily 
actetl on, but apparently dac lo an increase' 
If diminution of the motion of the mole- ^^ 
Ulet. gr«)iiMii 

(r) Change of Btata. — When the molecukr motion just referred tc 
l)eciimci so great as to carry the molecules of a wild or of a li([uid beyond 
of those cohesive forces which characterize its previous state, 
il changes to the next less dense form of matter. In other wonls. additian 
of heat may in most eaica change a solid to a liquid and a liquid t 
Again, wilhdrawal of heat may so restrict the molecular motion as 
the molecules of a gas near enough logethcr to make them snbicct to sock 1 
cohCNve forces as bind ihem into n liquid, or even to a solid. 

There are tome sulislancei that have not yet Iteen ma>le to underso ' 
ihangc of slate, t'arban, for example, has not yet been changed from tl 
•olid lu the liquid form, — much leas to the gaseous. Bui it can hardly be J 
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co M t qMC* <4 withdrawal at 




It de- 

pdnJi upun ihc (ullowing 

I. Highly heated 
pre out i*hile light: ij- ■ 
1 oT Hgkt ol 

I. flighlj healed ^M* or 
T*pon pve out liRlit nf « ch«ra.trri»tic coIik: tv. eilhei inanochtuBaifc 
H^hl (ci>iii|>i»c.l of taw i'f « siBKt* <|»»l''y'*- "' polwhnnwwk li^ 
(cunit>.*e.t olnyt it » charatlcr «ch that ihey cuiBot make Bp white 
Ughl). 

t, A mv »( liK^I when il panes lhr»«Kh a priun is beat out of na 
cuunc, i.i. viflrn refraclinn; »hi1c a liunille of rayi paning tfaroti£h * 
pmm Miffera .Ihpcreion; thai bs the difftretH lays ..f which the bundle li 
It of cuunc in iliilCTcnl .legree*. 
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The Spectrum. — The teim s/ieclrum is s,p\iYu:<i lo that peculiar pic- 
late which Kppcara when a narrow bentn of light, >/ier passing through ft 
prism, LI ikltowerl lo fall upon a icrcen. 

Thus while light when passed tliiuugh a prism gives a spectrum that 
contahu an cnormuus number <i( tay«. U'hese rays are uf all the different , 
colon aDit ahailes <>{ the tBiiiliuw, anil they appear lu Uv the same wt 
ever the chemical constitutiun of Ihe boily E'ving out the while light. The 
spectrum a called a continuous one. 

But colored light profluces a discontinuous spectrtim. Moreover, 




characlet of such a spectrum varies with the chemical substance produc- 
ing it. 

The orange light emitted Itf highly hesteit aodium appears upon iwdi- I 

critical investigation shows that its well-known color is made up of several 
minutely different shades. 

The SpeotroBCope. — The following are a few of the fundamental | 
principles ujiun which the use of the spectroscope ilcjicnds: — 

I. A spctttoscope is a contrivance for eiiainining light. In its simplest I 
form it consists of three jxiits, — a narrow opening to admit the beam of 
li^t to be tested : a prism or series of prisms tu ilispeise the rays of light; 
a small telescope lo bring the apectium lo Ihe eye. 



I 
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S. A lickin of light when passed through a luiuhle »peclro*ci>pe yieli 
> spectrum showing of what ray or ntys Ihc heun consists. 

3, A Ileum of light may l>c lesled just as it comes frcmi its siinrce; thi 
any substance may by some methuil be so healed as la become luminoua^ 1 
— that a, lu give uul light, — and such light may be passed through Ibt 1 
spectroscope. 

()ne method of heating is by an ordinary Bunsen lamp. 

A second methiici npplicnlilc tu solids ami liquids is to cause some (1 




of tlwtric iliwharjjc lo flow Ttom points of Ihc solid lo he tested, or over 
the surface of the liquid, 

G«eii may be made luminous by ]iasaing an electric iliacharge through 
I^Mi luliei cmiaining minute i|u*ntities of thrm. 

4. Highly heated mlids and liijuids in general give out white li^ht that 



U not charMtcriMic, btii b the u 



e for all of them. 




I 



6. When light [alls upon portions of maltcr, it ii cnpablc af at leaM 
■hfee different il ispisi lions : — 

Certain lulHUncrs allou neatly all the nin mf a compla lieam of light 

to pais through ihi'm. 
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OAcT ba&« abaotb taaia rais aai alloir ccrtiia olhera to p*M 
ai o ^ h ik^i Ike C^X of smA >faa[i(ptian a Auwn sumrlinici by ihc 
ocdot o< Ibc bodjr ilsdf or »aKlii&cs br the (ptctnacupc. 

A ttiiH chn CDtuauB boJia that ue oiHUfue; Ibal ». they fudiid any 
tan «f Uglil to (DBS tbtoBek the^ bml thejr KKDCliDm ^vc back ref 
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I>«lninidritli)md 


Up«.(h.p. 


cot IhrniEh Ihc > 




„iJ i. highly h.« 


J,«nd^«U 


nlb.poinu^fl. 






incdbylbop. 



The spcctroacope is capable of ihowfng whethef lighl u origins 
cmilteJ hu been modlAcd by the body upon which it has faUea. 

A* a mult of the ituily of apcctrmn analyiii it ii believeil thai the li 
which chancterixes each element is dnc to the Uomic motion pccnltai 
that element. In fact, certain elements form culoreil compiinnds such M^fl 
Rive nmiUr spectral lines wheiber healed or cold, and so appear •lwayst((il 
■nainlain the same rate of atomic motion (didymlum). 
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il light is a form of niulion is further sustained by the fact that spei 
n lines appear cli!iplaci.-il, owing to the rapid aiivance luwaril or retiti 



I 




lent frum the earth of certain comets and other celestial Iwilies. Thii 
iaplaccmeni in the spectrum is analogous to the change of [litch of rapidly 



I 




(/) Work. — Heal may aocmnpliab external or inti'rtuil witrk. The 



iunner jirodutt it evident lo 



1 lisible forma of uiaa*- motion. 
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Inlcmat wnrk ie dune when botdc natural molccuUr furce U 
cotne. Thns this is accomi^ishecl when the cohrsivc power of ■ solid !■ I 
so ovcqmwcicil Ihal liqaiil is prodnceil. Ice when mcltccl occupies ft il 
itiiumtahetl hulk, >o that in this cue no cxteriul W'lrli results. 




her iiilfrnnl work uf heal is esjilaincrl liy siippiaing Umt in this a 
there i> priHlucctl some intitnal mnlion, likr tolation of moleculei, for cm 
pit, nlhei than one like > trBMlation uf ibem. 
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ELECrUlCITV. 

The phenomena of dectricity already known are so 
numerous, varied, and subtile as to defy complete ex- 
planation. Of the various theories of its nature that 
have been suggested, none seem on the whole so satis- 
factory as that it is some form of energy ; in other words, 
a form of motion. The exact character of this motion 
cannot at present be stated. It is pmbablc that in some 
cases it is a motion of translation of molecules; oftencr, 
perhaps, it is a motion of mere rotation or similar polar- 
ization of molecules without change of position. Many 
of the phenomena seem to demand the intervention of 
some medium like the ether, — whether the same as 
that supposed for the explanation of radiant heat or 
only a somewhat similar one, it is impossible tii declare. 
However objectionable the theory of an ether — or of 
one or more fluids — is, yet in the present state of 
knowledge something of the sort seems indispensable 
for purposes of explanation. 

Note the tendency to use such expressions as "the 
electric current." That there is any current of matter is 
not probable ; but there certainly is a progressive trans- 
fer of electric energy. This transfer is marked by a 
velocity nearly double that of light. 

lU Sources. — It is a very suggestive fact that what- 

Iever known source of electricity is invoked, there is 
always an evident consumption of force. .This becomes 
apparent from a mere enumeration of some of its direct 
sources. 



Such tonicrt uc : [he energy uf friclion ; the energy of m 
1 cal Mjiaration of certain bodies in coiiLict; mere npplical 



c mectuuii 



OF 



clian|;i- ul li.-ni|>(;ialucei mL-chaiiical scpaialion el magnetically | 

[I l>uili<;&i cheiiiiciil cumbinatiun and ilvcomtKniliiin. 

The mmletD syitciu uf pnnluciDg clectrkilj' (ur puriKnc* uf iUnniiii 

illuttiatc*, in an interesting oiannei, uvcril tnxnsfunDatiuns 





■IM. .yirni :. , _ _ ._ _ 

wuiinit, the iHillcr anil enitlne; thiiil, the dyiuunu ; Toiirth, the lamp. In 
tlv lin-tui, eiu-rity uf the chcinli.-al tflinlty u( lituniiig coal is traiufoniwd 
tntu tbt fiwcgroT h««ti N tin UiUer aiul cnyine Ibc cncigyuf hot i* 



i OF ENERGY, 



transTonned into the energy of mBss-mction; in Ihe dyniuno the energj erf 

ra-motiuD IB tranalomiuil into Ihe energy o( cIcclHciIyi in Ihe lamp, the 
eneigy uf electricity is transfonned into the energy of light and be»L 

Ita Eflecta. — That the effects of electricity are strik- 
ingly suggestive of some form of motion is evinced by a 
brief reference to a few of them. 




ployed. The cu 



(•0 One or ihe moA early and easily observed ol the cEIecti ia mechan- 
ical motion; thus cicctrifieil bodies readily eihibit direct a 
(cpulMon uf mass, Mechnnical apparatus can also be kept ir 
proper application of electricity. 

(*) Electricity gives rise, by direct Iraniformation, to other ■dmilled 
forms oF force, sach aa heal, light, and magnetic polarit 

(<-) Electricity ptodaces motion in chemical molecules. In the pro- 
ce»ea of electro-ptalbg and other forau of electrolyiis it oflleets ■ drairnig 
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a{\ut v'€' ^xtx-'cs cf osiKer pcrriooslr irmXj bouid together by chemical 

^£ I>e ^nfrr ;^ec£lar r&eaooem of cvMiJiictioii. insuUtion, and electric 
ift^vATtx^r. sipcai to tiVv*c the ^:<rw hew presenlexl; for it is hardly possible 
t^> cottcen^ vMf sac^ x«sahs Sfvtn^i^ tironi a transfer of matter, even of a 
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THE ATTRACTIONS OF MASSES. 



Gravitation is a force by which considerable por- ' 
tions of matter are nuitually attracted, whatever their j 
size, tiature, distance apart, or the intervening medium. 

I«w. — The gravitating attraction between material I 
objects is directly proportional to their masses, and ia- I 
versely proportional to the sijuares of the distances between J 
t/ieir centres of gravity. 

In accordance with this law, then, if two bodies, each 
containing a unit of mass, gravitate toward each other 
with a certain force, then when one of those bodies has 
its mass doubled or trebled, the gravitating force is mul- 
tiplied by two or three ; and if at onee the mass of one ] 
bfxly is doubled, and the mass of the other is trebled,,] 
then the (gravitating force is doubled by reason of the 1 
one increase, and trebled by reason of the other; that ] 
is, it is increased in the proportion of 2 x 3 = fi times. 

Again, if the masses remain unchanged, and the dis 
tancc between the centres of gravity of the bodies is] 
increased to two or to three units of distance, then th^ 
gravitating force is reduced respectively to 

^ = i, or to —. = -. 
a' 4 3* 9 
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If the distance stated is reduced to one-half or one- 
third, then the gravitating force is increased to four 
times or nine times, respectively. 

Gravitation is the great agent of stability in nature. 
It regulates the motions of the heavenly bodies. By its 
influence objects on the surface of the earth retain their 
]K)sitions instead of being cast forth into space. 

Its value is best estimated by considering the results 
which would follow its suspension, supposing the latter 
to be possible — though in fact it is not. 



CHAPTER X. 
THE ATTRACTIONS OF MOLECULES. 

I. — COHESION. 

Cohesion is an attractive force acting at insensible 
distances between molecules of the same kind. Besides 




this cohesive force, molecnles of the same kind are inflt 
enced by an expansive tendency (undoubtedly due t 
heat). 

In solids the cohesive force manifests itself in the 
resistance they offer to any derangement of the shape 
of the solid ; that is, of the arrangement of molecules 
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within the mss. Thus solids offer resistance to in- 
crease or decrease of volume, also to flexure and to 
rupture, and. indeed, to any alteration of shape, even 
though not iavolviog increase w decrease of bulk. 

In £iues the opposite extreme is found. They seem 
to possess little or no cohesive force ; the expansive 
tendency jH-edonunates. A few cubic inches of gas 
placed in a %'acuous receiver, of any shape, and of any 
size (not exceeding forty or fifty miles in height), would 
doubtless soon expand so as to fill the receiver. Appar- 
ently the remoteness of the molecules of a gas from one 
another is an important feature ; they are thereby re- 
mo\Td more from the influence of their specific cohesive 
forces, and thus are made capable of greater freedom of 
motion. 

LifMids exist under conditions that are in a certain 
sense intermediate between those of solids and of gases. 

Liquids manifest cohesion in their tendency to as- 
sume the globular form (that form affording the most 
compact arrangement for a given number of centrally 
attracted objects). 

Liquids display the existence of the expansive ten- 
dency in their easy evaporation. 

Polarity. — There is a striking difference between 
solids and liquids as to the adjustments of the molec- 
ular forces. In liquids the cohesive forces seem to be 
balanced about the centres of the molecules, so that 
these molecules are free to move about each other, and 
to occupy equally well many positions with respect to 
each other. In solids, on the other hand, there exists 
polarity ; i.e. the cohesive forces seem to reside out of 
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the centres of the molecules, and in certain centres of j 
force which may be called poles, 

This polarity not only compels solids to offer that 1 
resistance to derangement of shape already referred tiL J 
It also produces the phenomena of crystallization. 



CTT*talUutlon. — In general, a portion of matter in 1 
the act of changing from the gaseous or the liquid to J 
the solid form manifests a tendency toward a definite* 
arrangement of molecules. With the exception of a few 
animal and vegetable products every solid affects a defi- 
nite polyhedral form, although it may manifest this ten- 
dency only under favorable circumstances. A body 
possessing such a form is called a crystal. 

It seems proper to assume that the crystalline condi- 
tion is the normal one for all solids. 

It is true that certain distinctively animal and vegfrl 
table matters — the so-called organized matters — as- 1 
sume the cellular form rather than the crystalline. They 1 
are not as thoroughly exceptional, however, as might at 1 
first appear. (See p. 105.) 

CiMvage. — Certain well-crystallized substances, wheftil 
broken, are found to possess the property of cleavage ii 
a marked degree : if pulverized, or otherwise subdtvidet 
they undergo fracture with far greater ease in certai 
directions than in others. A given portion of Icclaiwl 
spar, for example, having a well-defined rhombohedral 1 
form, may be broken up into smaller rhombohcdrona J 
rather than into masses of imiefinite shape. So a mass 
of galena, if broken, forms rectangular or cubical masses. 
Even when these substances are pulverized, examination 
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by tbe microscope shows, in each case, the strongly ' 
marked cr>-stalltne tendencies ; each particle of powder 
shows itself to be a little crystal, or mass of crystals. 
The same principle is observed in other crj'stalline sub- 
stances, though perhaps in less marked degree. 1 

In general, il may be assumed thai anr crystiiline substances wtiea 
broken up into maU paiticles will show crystalline fracture, and in the 
powder will show a multitude of little crystals beuing a strong Ksemblance 
to the larse cr>iul whcDcc it came- The cutting of diamonds and other 
precious stones depends upon this general principle; i.'. that \aytn tnay 
be cleaved otS in certain directions better than in others. It is very plain, ■ 
then, that a crystal possesses not raeiely external symmetry — the laws of 
its stiacture govern most Iborougbly its internal parta. It may be imae- i 
ined Ibat, if it were practicable to tednce the siie of a given large ciyHal 1 
by temoval of its outer layers, one by one, the time would come when, the J 
limit of llie single molecule being reached, thii molecule ilselT^ — if capable 
of temaining solid — would be found to posie*» something equiTalenl to k 
crystalline form. It woold be either a miniature of the large oyttal ot * 
else one geometrically related to il. 

Theoretically, at least, it may be considered that ' 
a single molecule first solidifies, and then other mole- 
cules build themselves upon it as upon a nucleus. It 
may be assumed that they pile themselves up upon these J 
outer faces in accor^lancewith some definite geometrical ] 
law. These statements strengthen the conviction that 
crystalline form is not a mere external and superficial] 
peculiarity of substances, but is the product of a funda- I 
mental and essential law of them. Probably it is closely | 
connected with their atomic and molecular constitution. 1 
Milscherlich's law (sec p. 234) represents an attempt to i 
deal with this relationship. It may be expected that ia I 
the future yet other and more definite connection wiU 1 
be shown between the crystalline form and chemical j 
constitution. J 
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Appaient Exception. — li it ccimmniily accepted as a principle th*t 
in a ceilain seme nrganijed bodies (see p. l54)do aot conform to tlieie 
itateroentB. Perhaps in another sense tbcy wilt ultimately be found in 
harmony with it. Thus certain organiied bodies, like muscle, are mad« 
up, not of one substance, but of seveial different substances, arranged in 
the cellulsi form. If these substances could be separated one from an- 
other, llnd then each reduced to the Solid form, perhaps they would then 
appear as a set of crystalline compounds. This latter statement is made 
with the general admission, already presented in another place, that differ- 
ent su1»tanc« well recugniietl ta cryitalliiable assume the crystalline fom i 
with different degrees of ease. In other words, in order to ciystallilc, sub- | 
stances demand conformity to many conditions. 

Cr7stalliiie SyBtama. — The various Crystalline forms I 
recognized have been classified in six so-called systems ; 
and, moreover, a substance crystallizing in a given sys- 
tem is capable of certain variations within that system. 
In this way there exist within a given system not only J 
the simple forms, but also what are called compound j 
farms and hemihedral forms. 

Certain substances crystallize in shapes that are I 
readily recognized and referred to their proper sys- j 
terns. Others assume such complicated forms, or else i 
such imperfectly developed shapes, or else crystallize in 
such minute portions, that their recognition is difficulL 
Sometimes a special apparatus called a goniometer is I 
employed to determine the particular crystalline form. 

The several systems are presented in brief but com- J 
pact form in the following tables and diagrams : — 
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Ci7>t>Ui>Btteii. — The process 
crystallization is a variety of the process of solidifica^l 
tion; but it is one that is dependent upon a highly^ 
specialized amtagrwunj of the particles of the solid. 
Hence it must be suppos*xl that solidifying molecules 
tale up certain detenniualc motions before they have 
placed ihcmseli.'es in those symmetrical and orderly J 







of (be mcliEd acLal. 



ilU br flow CAotLo^ 
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ranks required by the crystalline condition, 
special kind of motion is not consistent, however, wit! 
the two fluid states of matter, nor yet with the rigid] 
one. It seems to best take place in that transitionJ 
period which extends between them, It might 
expected, then, that crystallization would be facilitated^ 
by increasing as far as possible the extent of this-l 
transition state. This is found to be, in fact, the case.1 
Whenever the progress of solidification is prolonged^J 
the tendencies toward crystallization are favored. 



Crystals are usually produced by 
the following means : ^ 
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(tt) The Blow Cooling of Vapors. — 

The formation of crystals of snow 
from water-vapor in the atmosphere 
is an example of this method. 

The formation of crystals of iodine 
is another exampie. 







(/') The Blow Cooling 
o( Liquids produced by 
Fusion. — The crystalli- 
zation of melted sulphur, 



I 
I 




(c) The Slow Cooling of Liq- 
uidB produced by Solutioii. — 
This is the method by which 
most crystals produced in the ^"''- j'— a diagram J»»in( ciy»- 

, n x r uiline rum in which nllpbm b {niod 

arts are formed. A very fa- io„iu«. 

miliar example is rock candy, 

which is crystallized by cooling the liquid produced by 

dissolving cane sugar in hot water. 
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Multituilcs uf crystalline salts arc manufactured I 
chemists by this method. 




{//) Slow Eraporatloa of Uqnld Soliittona. - — The mfr] 
jorily of solid chemical sails known may be dissolved ii 




water and thus changed temporarily to the liquid fona. ' 
If such a liquid is evaporated, the water may be expelled i 
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and tht; solid caused to reappear. If the expulsion i 
the water is conducted very slowly, the solid reappears I 
so slowly that its molecules have time lo arrange them- I 
selves in the form of crystals. 

An example of this method is found in the manufac- 
ture of common salt, which is generally crystallized from 
its solution in water, by means of slow evaporation. 



Theoretically, a crj'stal once formed in a solution and 
continuing to increase in size {by every face of every 
set of faces receiving a deposit of the same thickness) 
would produce an ideally perfect crj'stal. Rut as a fact, 
distortion almost always results. By the change ia 
specific gravity in the liquid, from loss of the solid 
substance, currents are generated, and different parts of 



THI? ATTRACTIONS OF MOLECULES. 



113 



the crystal are subjected to different conditions. Again, 
by the crystal becoming attached to other crystals, or to 
the side or bottom of the vessel, the several faces 
receive unequal deposits ; yet every face always remains 
parallel to its original position and the interfacial angles 
are constant. 



CHAPTER XI. 
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THE ATTRACTIONS OF MOLECDLES {.conUnued). 

II. — ADHESION. 

Adhesion is a form of attractive force, exerted at io-l 
sensible distances, between molecules of different kinds. I 

{A) Adhesion between Solids and Solids. 

Of this kind of adhesion there are many examples, j 
The adhesion of a piece of wood to another of difFerenti 
kindby means of a layerof glue involves two illustrations a 
for the solidified glue adheres to each kind of wood. 

The rock known as granite is composed of thr< 
different and separate materials, — quartz, felspar, a 
mica,- — ^ easily recognized by inspection; they are h 
together by a form of adhesion. 

There aie ctrtain erases in which twu solids when brought in con 
liquefy, or set up lome very evidcni chemical change. Thus when i 
ice and Hilid wit are placed together, each exerts on the uthet ■ 
remarkable altiaclive force by reason of which the ice nielti and tl 
dinolvct in the water formed. 

TTic phenomena of this operalirm, and others similar to it, 
mure properly under Disaolving of Sulidt in Liquids (p. 1 18) and Chemkl 
cal Action (pp. 169 and I71). 

(B) Adhesion between Solids and Liquids. 
Of this kind of aiihesion there are many forms worthltj 
of consideration here. 
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FiKST Form. — Moistening. 
This form is exemplified by many solids and liquids. 
Thus, a glass rod dipped in water and then withdrawn is 
found to retain some water upon its surface. 




Second Form. — Capillary Attraction. 
When a lube, oijen at both ends, is dipped into liquid 
contained in a considerably larger vessel, there may be 
three cases (under this title). 
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The case oftcnest observed is that in which the liquid 
in the tube rises to some distance above the general 
level of the liquid in the vessel, A tube of glass dipped 
in water displays this phenomenon. 

In some cases the liquid in the tube is depress) 
below the level of that in the vessel. A glass tul 
dipped in mercury affords an illustration of this 

It might be expected that the case of a liquid main^] 
taining the same level within and without the tul 
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would be a rare one; for this can only exist when thei 
prevails a certain exact balance between the amount t 
cohesion of the liquid itself, and double the amount a 
the adhesive force of the liquid to the material of thtf] 
tube. Of course exact equality is everywhere an excq»J 
tional condition of things. 

Thikp Form. — Spheroidal State. 

When a small portion of liquid is placed upon thttfl 

surface of a supiwrting material that is relatively higli^a 

heated, the liquid draws itself up into a globule i 
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moves about in what is called the spheroidal state. 

The heated surface causes the liquid to evaporate 
chietly on its under side ; ihe abundant vapors thus 







produced affard a cushion upon which the liquid is 
supported. Of course the liquid does not rest in actual 
contact with the heated material. 
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B ia tke aac daoibed- Even apon ■ 

« Ibe bqaiil does doI ev*por>le u rapiilty 
k mnch kivct tcnpoatDic Bat at these lowrr 
B M (waiKf «ilh the lolid. Mid the entire man 
of lifnd icDovcs heal tif the p roc eaei of aaJmtieH avA lointctitn- 
Al VH7 Idch iLfuWti. bawTver. the Gqoid is not in contact; the 
^hak thta leetjires W« jm u odur obfccti do >t ■ erot itistance from 
a aoMKC itf beat; Ibal a^ bf ^ proco called radiatioti. \ 
Ae loanx imAcc of tW (Mmk ii Ibe ponkm cfaie% influenced i 
c ff*ca <M ia abaBduKc — laKcienl to iffoid the % 

rt to npidljr diminish th« mass of iBe glabute. 



FOORTH Form. — Sclittion of a Solid in a Liquid. 

The dissolving of one or more liquids may involve thi 
interaction of a great many forces, so that solution n^ 
its more complex x'aricties is worthy of careful stui 
and extended discussion. 

Tlic grnetal opinion now pieTaib that inlntancM in dilo 
eiis) in a condition loBienhat analogoos to saletanca in the gaieoui S 
ondct moderate pfosore and moderately high Icroperalurc. 'This vi 
liosed upon the studies of J. II. van 't Hoffand F. RaootL 

Even in the simplest forms the process of solutio] 
depends on a ^■ariety of conditions. 

The amount of a given solid capable of dissolving in 
a liquid, in a given experiment, depends upon at least 
three factors : — 

The nature of the solid and the liquid ; 

The quantity of the solid and the liquid ; 

The temperature under which the experiment , 
conducted. 

The rapidity with which in a given experiment i 
certain (possible) amount of a solid is dissolved in 1 
given amount of liquid, depends upon the rapidity wiHl 
which the favorable conditions are provided. Th|^ 
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extreme fineness of comminution, agitation of the ni 

e of solid and liquid, rapid addition of heat, — all ] 
favor rapid dissolving. 

. Nature of the Idqnld and the SoUd. — (a) Water | 
is specifically gifted with solvent power of a remarkably 
wide range. Moreover, it is a very abundant and widely 
diffused substance. In many ways it seems entitled to ^ 
be considered the chief liquid. Now water dissolves ia 
large quantities a very large number of chemical salts. 
As examples may be mentioned, polassic sulphate, I 
K,SO,; sodic sulphate, Na,SO, ■ loHjO ; potassic ni- 
trate, KNOj ; zinc sulphate, ZnSO, ■ 7 H,0 ; sodic chlor- 
ide, NaCl. In fact, it dissolves in greater or smaller 
quantity the majority of salts known. Water also dis- 
solves a great number of neutral bodies, of which cane 
sugar (CjiHaOii) may be used as an example. 

(i>) Carbon disulphide dissolves sulphur and some 
other substances not soluble in water, 

{c) Liquid oils dissolve many solid fats; thus the ', 
more liquid parafhns dissolve the more solid ones like I 
white paraffin wax. 

(rf) Liquid mercury dissolves most of the metals, aa ] 
potassium, sodium, gold, silver, zinc (but not iron). 
Mercurial solutions and their more solid forms are ] 
called amalgams. 

{«■) Melted zinc dissolves many metals, as solid cop- | 
per, gold, platinum, and others. Products of this j 
general character both before and after solidification 
are called alloys. 

(/) Diluted sulphuric acid dissolves metallic zinc and 
other metals. 
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BMMskkoalktoXiaL— nBtaBBCRlToacofcmnplea. Other* 
aiBfie* ■Bgfct km b«a pna BpiIrT each bead, >od pokaps with equal 



Mt grratrr. At grrMir tie OMiUarily t/A* itHJ amJ tkt loletHt iiqmid. 

h «S be aoled that, ■■ a — «g of come, solmit actton ii oftenM 
ubaLiiLJ ia catc* ef >Hwili vlotb (Oc nier. for acample) remain in the 
Bfnd fa(B at ibc luMfiilM'i ontiaarily [xcnaiogi U miat not be fot- 
(Mlo Ikai If the (lofac had ■ dighdy V>«a climatic lanpentaie, many of 
Iboc auiM be bett Ibdwh ■» acfids; the; wooU be thus reduced to the 
cMcteejr «( thme (&e BMtallic dac, lor ewnple) which doit have to be 
•nifciaBT w itJ > Snk <■ lcB|ientBre before thcf di^Uj their nlrent 
powcn. Of GOBte, M {iiMl) leda c ed tempenturev all knthm liquiila 
(dUifr, asd wwdd be tfcnwa otf sf (be accoont, josl ai at very gicatlr 
c l evaled unpnalaics al kmniB kKiIi wobU probalilj liquefy, and lo 
■roalid coote iati) the Ist c4 Uqaid suhcnls. 

Ejuinplc / needs special «tteMtia«L In a 1-07 Just sense it bctongi to I 
case a. The siilveM action it propolf that of itatrr nfttit a (krmiial imU A 
— line lolphate (ZnSO, ■ 7 H,0>. Foe it happens thai the dilute inlphaiic 
acid eicTls such a chetnkid aciiiin upon the melallk: linc as change* it J 
into the chemical till — tine solphale. When dilute sulphuric acid ai 
upon metallic linc, the uperalion maj be repmetilcd a* follows: — 

Aq 



Zn + H,BO, 


4- TH,0 


OKII«l.of OKOwtK^of 




Zinc, Sulphuric aci.l, 


Waler, 


6s 9S 


ia6 


p.n.t>T-*i|<»' i«m.b»«<|b.. 


p«Bbr.d^ 


3S9 




biBO,TH,0 + 


H, 




Ok fBOkcult of 


Cryslallited line sulphite, 


HyJn>ecn, 


.87 


I 


p.m by «d(h.. 


P-™'T«U>n. 



Then the rinc sulphate (ZnSO, ■ 7 11^) dissolves in the waler pieieiit J 
in the original ililule sulphuric acid. 

I[ oaght to he noted that it lecnis highly probable tliat in all c««i 
loluliott — even thuse where a ungle solid dissolves in a single liquid-^ J 
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there it Kimc cbctnicat nctlan. tn cues it one exlreme uf the Krics the 
action may be very marked. This is to, lor euimple, when lulphutic 
oaide (SO,), a solid, diuolveg in wateti great heat a here cvulved. and 
there is produced a new substance, sulphuric acid (H,50f), which also 
disaolvea in water. An etample of the npfiAslle ettreme is that in which 
•ugar dissolves in water. It woulit be difiicull in such a caie to ilemon- | 
itrale that any chemical action lakes place onlcss spECially devised meana 
were employed fur 'm detection. 

2. Influence of CbaiiE« of Temperature. — The com- 
prehension of this, as well as of other branches of the 
subject, may be facilitated by a ilescription of the opera* 
tion of solution as advancing by stages. 

When a solid is placed in a liquid, the liquid acts first 
upon the outer layers of the solid. 

Adhesion and chemical action are exerted at once. 
The surface molecules of the solid leave the others and 
assume the liquid form. 

The liquefied portions from the original solid at one© 
diffuse themselves into some of the intermolccular spaces 
of the bathing liquid. 

True solution has now been accomplished, though it 
may as yet be somewhat limited quantitatively. 

By the very act of dissolving, as thus far described, 
there have been created certain conditions which directly 
oppose its further progress. 

T^t finl ef thni cffwiiitg mnditioHs is a reduceil temperature. It i* ■ 
recogniied law that in all chancres uf a solid to a liijaid, absoiptiua of heat 
takes place. This elTecl is recogniietl in the cooling of whatever happcm 
o l>e the surrounding medium. It is often slated that in liquefaction sen- 
tibk \Mt.\.\tex^aait% lattnl ktal. (While the cipressioa lattnt heal af U^ut- 
factxen is a well -established one, it is somewhat inappropriate. It cairiet 
the suggestion that a certain amount of heat has became merely cimrialt^, 
:reasheat in fact f«ii« to fe — as heat — when it docs the work of Hque- 
^ng a solid.) To the furegoing should be added another important state- 
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roent. It U the followmg : The amoanl of a solid that a liquid cm hiM 
in aolndnn Tuiea with the temperature, being in most cases the greatec the 
higher the tcmpeiature. It fulluvvs that at any given point of lemperaluie 
the liquid may hold dissolved a certain amount uf the solid and no mure. 
When this full amount is in fact dissolverl, the liquid is said to be la/uraM. 
tn case of many solids and liquids, tables have been conalruclcd showing 
by the graphical method the quantities producing saturation at each 
series of temperatures. 

From what has been said it a plain that if it i> dcMred that the disuhw; 
ing operation shall go on, heat must be added. 

7'i^ sceoHii ef Ikt opfosiHg conditions a the local saturation of the lot- 
vent liquid. By rcaMin of this saturation the portions of liquid lying imme- 
diately about the solid may become incapable of further dissolving action, 
while tnore remote portions may not as yet have begun tu act. This ces- 
sation is sometimes associated with the fact that the solid rests at the 
bottom of the liquid, and the solution, being heavier than the oripDsl 
liquid, naturally rests upon and covers the solid. There are three ways of 
overcoming tbb difficulty. One way is to agitate the liquid iDechaiiicalljr. 
A better way is to suspend the solid in a perforated basket hung in the 
upper layers of the liquid; then the solution, as it Incomes saturated, unka 
by its own weight, and is promptly replaced by portions of fresh liquid. 
A third method, employed to advantnge in combination with the second, 
is healingi this produces convective currents in the liquid. 

3. The Quantity of tbe Solid and Uquid. — This point 
needs no discussion in addition to the statements relat- 
ting to saturation already introduced. 

D«IlqaMc«Boe. — This is a form of solution. It is ex- 
emplified by certain substances that have such a strong 
attraction for water that they even absorb that moisture 
existing as vapor in the atmosphere. They draw this 
water to themselves in such quantity that they soon ' 
cease to be solid ; for they liquefy by dissolving in the i 
water absorbed. 

This topic is naturally associated with the adhesion of 
solids and gases. (See p. 130.) 



4 
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Freezing Mlzturca. — ^ In some cases the loss of heat J 
associated with and due to liquefaction is very | 
Thus, when ice and salt are mixed, the ice melts < 
the salt dissolves in the water so formed. Thus both! 
liquefy. The amount of heat absorbed from surround-* 
ing objects is very great, and the cold so produced ia I 
utilized in many operations in the arts. 

The mixture remains liquid at temperatures much I 
below that at which both constituents when separate^ 
would be solid. This clearly shows that the liquefac- 
tion is not due to heat alone, but involves also some 
specific influence of adhesion or chemical union or both 
together. It is of similar nature to the phenomena 
already mentioned under the title eutexia. (See p. 49.) ' 

This topic has certain relations to the adhesion of I 
solids to solids, but is more closely affiliated with the \ 
solution of solids in liquids. 



I 



CHAPTER XII. 
THE ATTRACTIONS OF MOLECULES (.continue 

II. — ADHESION {conlifiHtJ). 

The Study of tho conditions under which solids dis- 
solve in liquids naturally leads to a consideration of 
those under which solids may be separated again from i 
liquids holding them in solution. But it is not intended! 
here to extend the discussion to the formation of pre-1 
cipitates by sudden chemical reactions. 

The Separation of a Solid from a Liquid. 

The comprehension of this subject may be facilitated ' 
by a few typical examples. These will develop the fol- 
lowing simple but important principle: As dissolving is 
favored by increase of quantity of solvent and by addition ' 
of heat, so separation of a solid from its solvent is favored 
by df crease of qnantity of liquid and by decrease of heat. 
The withdrawal of heat is almost always practicable ; thft ( 
decrease of quantity of solvent is practicable in cases of 
certain liquids, like water, carbon disulphide, alcohol, 
ether, and others that easily evaporatt. 

FiKST Example. — Catie Sugar. 

ir a latunilcd ai|ue»u!i sulalinn of cane lugar has umi of it. 
retHirritJ ly n^aforalioH, a puiliua ofiugai cuimpuniling to the ■mounl of j 




Again, if a saturated aqueous lolulion uf cane lUgar is ridiird i» /, 
fraluri, ■ pnrlion uf sugu onreapondiDg (» the amouiit uC heat witb> J 
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B atr, Li tta, ^BpfajBd ia iIk acts Tot the nuna&ctiire 



Second Example. — Alum, 

rVM^ iil|>itr (I^SO^ ud ala^nic solphate (Ai,[SOJ^ may be 

ili»iliiit loccthci M water. Wbe* the clou (otu^aa so fonsed n citber 
enponled or cooled, cn«ub oT ■ DCW 
double aib lepuate. This salt ii called 
■Inm. It & poUstio-alununic lulphate, 
and the tijsuli ue fuiuid to have the 
•.->?inpcisilion icpresemed by the fonnula 

K^, Al,(SOJ,. 14H«0. 

Under Ihcac drcnnHlaiicei, then, tbt \ 

mUs hBTC the pDwci of dcawinj to ' 

t, a defiajlc ajnonnt of water, 1 

called in lliis csie, and nniilai unes, mlcr of ciTKalluation. Man; ol 

lalts have the power of combiiuDg chemically 

urith ntCT in this way. Id fact, it 

to be probable ibat all substances that dissolre 

in water comlune with it chemically, ihongh the 

detDonstratioD of the fact of ci 

times involres difficulties. 
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Third Example. — SodU Sulphate. 

Sodic solphatc jircseiits a peculiar 
eiling form of the same tendency minifrslei] by 
alum: '■'■ to combine with H'atci under proper 

Thus there exist three salts — the satnc in 
composition except as respects water — differing cmdUi. it puiTi up i 
rely according to the circumstances under couni of the oapc of 

which ibcy soUdify. rf,'^""'™ " * 
These sails are; — 

Anhy<lrous snlic sulphate Na,SO,. 

HcptahyilratBd *Klic aulphatc .... Na,S(\ - 7 11,0. 

DeVahydtwed iodic .uljihate .... Na,SO, ■ 10 H,0. 
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ll a not ncccunry tu undertake a detailed account of the conditi' 
unilci which thcK icveral compounds are ]>rodaced. It \i infficient to 
Mate, in general, thai the runnalion of one ralher than aaotlier is a matler , 
of tein[)cratute mainly. The general rule is that in solutions of lowe 
Icmpcratuica more water combines with the salt; in solutions u[ higher 




temperatures a kind of iliasociatlon takes place, anrl crystals are formed *! 
containing less water. 

Fourth Example. — Soi/k Chloride. 

Common ul( alTorils an illustration of the general principle just Uiiw> I 

tratcd by iodic sulphiUe, only in ihc cue of common talt the principle b J 

eilended to very low temperatures indeeO. Crystals of comm 




Kt>a 



I 
I 



* m MA ph o t ; Ihej have Ihe C 
Wta a ninUc acilBtkia b conkd eoBulenbly bdow tbe frceiing^ 
poiM <i >Ma, two hixta of oj^ttk ■•; be ianRid — ooe vinety hanag 
lfce fc «» ri> S»a-jH/>i Ae othex *«>i(tf, lamed ix idU Imn tempera- 
vmot hM*«c tte l ar— h NsQ- mIH/X Q7M>Is formed in thu tnf 
bdow ihr fc MBH -poil of «■>« we called bf GMhrie, tryakji/ratei. 

The pfofiotia «f the oro^nkME* of coamoa nb hdp to explaio Ibc 
vcll-kMoan bd tiMU «dl ila dec* 90t btxxe ocept at trmpcntlares 
■adi bckm 3>° F. Sail aalca Bay be considaed as > ^>ecial [faemical 
ca>ti|>oaDd. tbe oiahfAale of coonnoa nil. Tilts cryohydrate is chatac- 
■enied by a nidliae-p«*M (aod, what u the midic thing, ■ loUdifying- 
poinl) which happeoi id be bdow rP C 

BSorMccncM. — Most Crystals containing water of crys- 
tallization may give it off by mere influence of heating. 
The amount of heat required v-aries with the substancesh 
in some cases the ordinary heat of the atmosphere \ 
sufficient. The result of such expulsion is a breaki 
of the crystals into a non-crystalline powder. The cr^ 
tals are said to effloresce 



Fifth Example. — Metallic Lead. 

Melted lead i» of coone a liquid; when it ia slowly cooled, it p 
the formation of solid crj-slals. Many other melted melali ittd allsirt d 
(he same, but taellcil lead ailoids a good example, because in many la 
lead works Ihis ctyMalliiatiun i» continually carried on on 
scale. Lead, as produced from the ore, cuntains a minute a 
vet difTuscd through iL By Paltinson's process for e 
silver the mellcd mass is cooled and thus partly cryslalli^ed ; solid c 
of nearly pure lead thus separate, and upon thcit removal they ai 
to have IcA most of their silver in the melled portion of lead r 
Krom lhi« the ulver is finally eitracled. 

Alloya. — The term alloy was originally applied to I 
mixture of gold and silver melted together with or witi^ 
out other metals. The term is now applicable to 1 





I 



mixtures or compounds of metals with each other, ex- 
cept those containing mercury, which tatter are called 
"amalgams." 

On nit.-llin;r two metals toi^t-thci. complete assimila- 



I ' fe i B e B 



I 



I 




tion takes place in some cases ; in others it does not. 
Thus, silver does not readily alloy with iron. 





THE ATTRACTIONS OF MOLECULES. 



MallhiesSL-n baa (tivided the metals Ihat form alloyi i 
First. ThuK which imparl tu theic alloys theic t 



ptopcrtic 



Seoonh. Those which «lo not : Oie other metals. 

He reguxla the alloys of i/aii firtl as solidilieil solutions of one met^ 
in the other. The metals of class sctsnd he coiisiilcrs enter into alloys in 
nllotropic fomi. 

(C) Adhesion between Solids and Gases,' 

A solid, when immersed in a gas and then withdrawn, 
retains upon its surface a thin film of gas, somewhat as 
a solid is wetted by dipping in water. 

Further, some solids absorb into their interraolecular 
spaces a great bulk of gas — so much indeed that in some 
cases the absorbed gas occupies a volume even smaller 
than it would if condensed to the liquid state by itself. 

The metal palladium is remarkable for absorbing or 
occluding, at ordinary temperature, eight hundred times 
its bulk of hydrogen gas. The late Professor Graham, 
of London, who observed this property of palladium, con- 
sidered the solid thus formed to be an alloy, and to con- 
tain hydrogen in the solid form. The quantities of the 
two elements are in this case approximately in the pro- 
portion of the weight of one atom of hydrogen to one 
atom of palladium, so that it has been suggested th^t 
the substances may be in chemical combination. ^H 

llic mclal platinuin has the tame power as pallatlium, though tl>*'H^| 

It a warm piece of platinmn foil is placed in a current of mixed itln- 
minating gas and air, the foil absotln puilions of all the gosn. In lo doing 
it condenses them to such B degree as to bring the molecules very neat to 
each other, even within that minute distance througli which chemical 



I Section (fl) is 
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attraction can be exerted. Chemiod oniun don in fact take place, as a 
evidenced by the pr»Juctii>n of light atid beU and other phenomena of 



Hannay and Hogarth have shown that in some cases 
a gas, brought in contact with a solid, dissolves the latter 
quickly into itself. 




Pk. I7. — Debereiner'i lonp. thowing I 
The bpUanof Ihc limp u I hydniEEn ||eiH:i 
nutodiiicA. KydiOKcn nto in (he llltk 
and rpUinx upon dw tana of tponsy pUtiniim 



u fire. 'riK bunii 



(D) Adhesion between LiguiD.s and Liquids. 

In general, the adhesion of hquids to liquids so far 
exceeds their respective cohesive forces that the liquids 
may be mixed in all proportions. 

In general, heat favors this sort of diffusion. 

Thus water and ordinary alcohol, when mixed in any 
proportion whatever, mingle throughout by virtue of 
their own attractive forces. On the other hand, when 
water and ordinary ether are mixed, only a certain small 
amount of the ether dissolves in the water ; the ether in 




I 



There are many weS-kBown <— ■»™r*« of two liqaids 
whkb Ksurcdy mix at all; vzlcr and oil, water 




1 cue of two fiqaiili scpualed b; a ponMM 
•rjiliin li> t--imt ll'*<'tr'\ IhM there rails uUicKon between the lH)siit», 
tud • ihleiMKe Ib Ihc imoumi of vIlKsioii of the two liqnuls for the tep- 
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Icr passes through Ihe more 



turn), the liquiil which wets Ihe scpli 

rapidly. 



Fk. qa. — l>ULysuiEftp 



DUIyala. — The process of dialysis can Ix ilitpUycil by means of t 
laitable vessel divided by > kind of mcinhr>iioiu partition into two com- 




partments. If pure water is planed in one compartment anil the aijue 
L OW solution of some cryslatll/alile substance in tbe other, dialysis take 
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pUce; thai is, the ciystallizahk substance nuikcs its way throDgh I 
diaphragm into the other cnrnpartment. Non-cryslilliiablc aubstBncea (fii 
ihU puipoie calleil (olUidi) arc not eapablc of this kind of Uansfet. 
dently the crystalliubk lulMlanccs pass through the diaphragm by a kin 

of osmose. 

(£■) Adhesion betu*een Liquids and Gases. 

Water and many other liquids have the power of ( 
solving gases, though in very different proportions. 




T^c aiHottnt of gas absorbfii hr a Hifttid upon which i 
exerts no (hemkal aeliott lU-pends uf-on — 
I. The nature of the gas and liquid ; 

II. The pressure to which they arc exposed (tlM 
amount of gas absorlied varies directly as the pressure 
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III. The temperature (with few exceptions, tne solu- 
bility of a gas in a liquid is greater, the lower the tem- 
perature). 

Evidences of the difference in the amounts of gas 
dissolved by a stated amount of water may be found in 
the following table : — 




8HUWING AMOUHTS, B 



Amount of WBlcr used, 

" " hydragen g»» dJ! 

" " nitrogen gai 

" " oxygen gu 

" " caibon dioKidc gu (CO,) 

" " hydtosulphuric acid gas (II,S) 

•' " sulphur dioiidc gus (SO,) 



1, DISSOLVRIJ 
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The very large amounts in several of these cases are^ 
believed to be due to the definite chemical union of the ] 
gases with the water to form new compounds. 

It is a Tact worthy of m? ntion that mohen silver hu the power of dtmwJ 
iog oiygen from tlie sir and dissuMng it in a quantity equal to t 




timei it» own volume. When the silver soUdificl, this gas is viola 
expelled. (The same principle \i manifesteil by water; upon freeiiilg, Ijj 
expels the oxygen and nitrogen it previously dissolved from the til.) 



(F) Adhesion between Gases and Gases. 
The extraordinary tendency of gases to intermingl^'l 
and intcrdiffuse has already been discussed under thi 
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title of diffusion of gases. This tendency is so strong that 
it overcomes the greatest differences of specific gravity. 

These phenomena are not mainly due to adhesion, how- 
ever, though there are grounds for believing that there 
is sueh a ihing as gaseous adhesion. Thus Regnault 
has shown that when a liquid evaporates in the air, 
more vapor rises than when it evaporates into the same 
volume of vacuous space. 

The tendency of gases to intermingle seems to be 
mainly a development of their tension or expansive 
power. This phenomenon is due to that motion within 
the mass which the molecules of all kinds of matter — 
even the most rigid — possess. 

But the molecules of the gaseous form of matter are 
almost uninfluenced by cohesion. Hence they manifest 
this intermolecular motion to the most striking degree. 
And so when gases themselves are compared, it can be 
proved that the molecules of the lightest ones move 
with the greatest rapidity. Of course the ample spaces 
between the molecules of a gas offer great opportunities 
for the entrance of the molecules of another gas, 

TtB Terrestrial Atmoapbere. — The atmosphere of our I 
globe affords a splendid example of gaseous diffusion 
constantly at work on a large scale. 

I. The atmospheric air consists mainly of a mixture 
of oxygen gas and nitrogen gas, in the following propor- 
tions : — 

COMPOSITION OF ATMOSPHERIC AIK. 

By velumf. By vfigil. 

Oxjrji^n 20.9 per cent 

Nitrogen 79.1 " 






I 


I 


Fi<i.,5.-BJ.«c t., Jm»-, 
The one l.r coauin. .m^pSe 
Ihe BKjk rf Um l-Unc U Wd 


>">'"'^ 
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Now any given measure of oxygen gas is sixteen times 
as heavy as the same measure of the standard gas, hydro- 
gen ; but nitrogen gas is only fourteen times as heavy 
as hydrogen. Yet in our atmosphere the heavier oxy- 
gen does not settle out, but remains thor- 
oughly intermingled with the nitrogen. 

2. The respiration of living animals 
and the burning of all our chief fuels 
are constantly casting into the atmos- 
phere immense quantities of a heavy 
gas, carbon dioxide (COi). This gas is 
twenty-two times as heavy as the stand- 
ard gas, hydrogen. Of course, therefore, 
it is much heavier than the oxygen or 
the nitrogen of the atmospheric air; it 
does not settle out from the air, how- 
ever, but promptly intermingles with it 
and remains intermingled. 

Note I. (In the densily iif atmospheric aii. 

Hie air conlaiiw minute Bniounta uf a multituile or 
gam, but oxygen and nitrogea so largely pieiloiuinale 
that only theac nctil be taken jnlo the account here. 

The density of the air is sumewhere between the 
ilensiliea. 16 and 14, uf its twu chief constiluent&: il is 
about 14.4. 



llobi 



vuli 



ilumc of oxygen gas, weighing 16 unit* 
ilumes o( nilrugen gas. each neighing 
ilumei III miilurc (air) will weigh . . 
wiU weigh 



55l 



'44 " 



Note II. On the density of caTl»n dioxide gas (CO,). 

By actual weighing, in comparison with an equal valume of the itanitai 
gat, hydrogen, this gas has been found to have the densily 12; i.i, I 
weigh, bulk fur bulk, 2i timri as much al hydrogen. 

The Jeniity may be compaled from the molecalat weight as follows i - 
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Formula of a Molecule of Carbon Dioxide Gas (CO^). 
Weight of one atom of carbon 12 microcriths. 



II 



<« 



it 



two atoms of oxygen (i6 x 2) 
" one molecule of carbon dioxide . . 
" one molecule of hydrogen, H, (1x2) 



32 

44 

2 



« 



4< 



Hence a molecule of carbon dioxide weighs twenty-two times as much 
as a molecule of hydrogen. 

But all gaseous molecules have the same size; hence, any volume of 
carbon dioxide weighs twenty-two times as much as the same volume 
of hydrogen. 

Note IH. Of course, in weighing atmospheric air and other gases, 
pressure and temperature must be considered. The pressure must be 
measured by some form of barometer. The temperature must be measured 
by some form of thermometer. 



CHAPTER XIII. 



THE ATTRACTION OF ATOMS. 



CIIKMICAL AFFINITY. 



Chemical affinity is an agency which acts at in- 
sensibly small distances, and tends to produce combina- 
tions of certain atoms and molecules of matter into 
groups of a precisely determinate kind. 

The characteristics of this agency cannot be described 
in a few words. To it are referred a multitude of 
phenomena, displaying under different circumstances 
the greatest variety of action. Such differences are for 
example : — 

As to the originiil guanlity and intensity of the activity 
itself. 

As to the conditions imder which its active powers are 
displayed. 

As to the methods by which it works. 

As to the sphere of activity — extremely narrow in a 
certain sense and extremely wide in another. 

As to the results accomplished by it. 

Tbe Couditioaa favoring CbamlCBl CliaiiK«. — I. This 
force manifests its chief activity between atoms or mole- 
cules of different kinds. 

Thus, an atom of hydrogen has affinity for another 
atom of hydrogen, and the two may unite to form a 
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molecule of hydrogen, expressible by H - H, also writta 
Hi. Again, an atom of chlorine has affinity for another 
atom of chlorine, and these two may unite to form a 
molecule of chlorine expressible by the formula CI — Ct. 
or CI^ But when a molecule of hydrogen is brought in 
contact with a molecule of chlorine, the two generally 
suffer decomposition, so that a rearrangement may take 
place and two new molecules of hydrochloric acid (HCl) 
may be produced. This chemical change may be ex- 
pressed by the following equation : — 



One mofetulc oC 

Hydrogen, 



CI, 



73 73 

Evidently the atom of chlorine has more affinity ftH 
an atom of hydrogen than for another atom of chloriotf 
And an atom of hydrogen has more affinity for an aton 
of chlorine than for another atom of hydrogen. 

2. It is manifested between different substances with I 
very differcnty though definite, degrees of force. Thus 
the metal gold and the metal iron oxidize (that is, com- 
bine with oxygen) with different degrees of ease ; but 
it is always the iron that oxidizes the easier. 

3. Certain physical amdilions are of great importance 
in connection with chemical action. When physical ■ 
conditions are favorable, chemical action proceeds ¥ 
great vigor; when they are unfavorable, the sa 
cesses sometimes fail to advance at all, or they may \ 
even reversed. Under unfavorable conditions chemica 
affinity appears either not to exist or to he dormant. 



The fallo«iiiB ntc *ame of the physical condilinni which (ictcitninc 
chemiL-iit changvt — changes thkl may have u ihciT pniminent fealuro 
cilh« the building up or the breaking down iil molecules ; — 

(a) Tb« Llqtlld Condition. — Some substances that chemically 
unite when mixed as solulinna, mnnireit no affinity when they are mingled 
III the sulid fonn. Thus, solid tarlaric acid and solid hydro-sodic cacbonate 
when mingled manifest no change. When water is added, however, each 
solid dissolves, and a chemical change at once ensues, hydro-sodic larltalc, 
carbon dionide, and water being formed. 

The chemical change may be expressed ai loUows: — 



I 

I 



H,0,(C,H,0,} 
Odc mnlcculc eC 
Tartaric acid. 



+ 2 HNaCO, 

Two irolciuki (4 

Mydru-sudic caTboiiale, 



2CO, + 

Carbon dioxide, 
88 

p.R.bT<«ict». 


318 

(H^«.)0.<C.H.O,) 

Hy.lro*>dic lartratc, 
19+ 


+ 2H,0 



3'8 

The eriualion indicates Ihil water is actually formed by the opcralion; 
it appears evident, therefore, that the water which acted as the solvent waa 
not demanded in the building up of the moleculei pioiluccd, but did, in 
(act, act as a favoring physical agent. 

It appcan to be proved, however, that certain solid Ixxties, tinely pul- 
vcrlicd, thoroughly mixed, and then subjected to great pressure, prodnca 
new compounds as the result uf the ptetaure (and not of the heal atlcnd- 
anl). The quantities of the compounds changed appear to increase with 
the Juratinn of the pressure and its amaiiHt, as well as the fineness and 
IboruugbnoB of inttnningling of the powders. 

'Hns, in a certain cx|icrimenl, mixtures of dry, pure precipitated laric 

I sulphate and smlii carbonate were subjected to a pressure of sii ihoaaand 
almo^beres under varying conditions uf temperature and cluralion of the 
pmaure. Afterwud the [iroduct was tested. After a single 



I tte amount of baric carbonate ptodnccd was klxiut one pei cent; the Hdid 
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block produced was pulverked uul ciniptesacil again, ' 
of baiiuin carbonite WM produced; further ireatnicii 



elev 



bru light 



1 pen 



I 



It has Iwcn concludcit that — 

1. A sort uf diffuaion takci place in tutid bulin. 

2. Matter asiumei under pressure a conditiun iclatire to the rolome il 
is obligecl tn occupy. 

3. For the solid stale, as tot the gascoas, there is a crilical tempera- 
ture aluvc or bcluw which changes by simple pressure arc nu loDgi-i 
possible. 

{/•) Hest. — Many substances, when practically in contact with each 
other, do not combine chemically unless the whole or a purlinii of the 
mass is raised to some delinite point of temperature. When this point is 
reached, union at once commences. 

The process of combustion of ordinary Fuels affords an appropriate Otus- 
Iration. If a poition of a mass of coal is heated in the air to the point t1 
which union with onygen takes place, the phenomena of combustion (a 
form of chemical union) are witnesseil. The chemical change initiated 
may be expressed in part as follows : — 



CO, 



4 



It is an interesting fact that generally the combustion of the Grat por- 
tions of the coal evolve, by the act of chemical union, sufficient heat lu 
raise yet other portions to the igniting point. This process, repeated, ena- 
bles the operation to proceed from portion to portion so long as the supply 
of carbon and oxygen are kept up — unless, indeed, some unfavorable 
physical condition is allowed to supervene. 

There are numerous other examples known, in which chemical action ii 
stimulated by an amount of heat insulhcient to produce light. 

In fact, addition of heal is the method oficncst used for developing ot 
arousing chemical affinity, 

TheimolyaU and DlMOciRUon. — Another, and al first leetoinglr 
chemical eHect of heal, ought to be mentioned heie. It l^q^ 
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Klreodf been poiiiteil out ihal uildiliuii of UeaX uxpanUii material bodici, 
and even diangci lolitls and liquids tu thi: ^aseuus runn. (See p, 43.) 
Tbe»e cITccIs are believed lo be eucatiuUy awociRtcd with a motion uf the 
particles of the l>ody, lach that tht moleculea nre moved farther ui<l far- 
ther B|iarl, and even bcyuiid tliu tan^i; of influence ot thow cohesive forees 




runpk. 



that bind tbcin into solid and liquid masses. It would be quite consistent 
with this view ifitiU greater addition of heal were founil to be sufFicicnl to 
drive even atoms apait from each other, and so to place them IwyonJ the 
minute distances within which the force of chemical affinity is exerted. 
This would letuU in a decumposillaa of cgm/vtuni molecule* and a IcHeo- 
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capable of existing logelber i 







I 
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ing of the number o! a 
muleculd. 

Now Ihe experiments of Deville and ulhers fully ci 
tioni. It is, in fad, proved thit certain substances, ai 
may lie decomposed into their elements by inltuence of high li 
■lone. In thil, and some Htnilar cases, the elements may reunite when d 
temperature of the mixture falls slightly. This kind of lemputuy d' 
position is called i/isn>iiii/itn. It may be added that light and electric 
u well as lieat, are in some cases capable of accomplishing it. 

In another class of cases, of which ammonia gas (NH,) may serve as 
■n example, the molecule is /<'''niafi^R//)i broken up; thai is, its elementaij 
sulislances do not, by fall of temperature, rejoin ti [Txluct 
cuin|K)und. In such cases the operation is called lAeriun/yni. 

It U also oliservrd that certain elementary Substances, si 
eumplc, manifctl a gradual lessening of their relative vapor dcnxitic* a* they I 
arc raised to higher and higher temperatures. This lessening of v 
density is accepted as an indicalion that the molecules contain fewer ■a4'l 
fewer atoms; that is, undergo dissociation. The mctbodi of Victor Mcjra- * 
and others have directed attention to this subject. 

Ileal often produce* a modification of the ritalivi chemical atlnclioilt 
of bodies. Thus, at ordinary temperatures, sulphuric acid is capable of 
di>|>lacing buric aciil from its salts iu solutions. At high tcmperaltire* — 
the red heal, for example — the cbemical affinities are reversed: boric kcid 
(lisjilaccs sulphuric acid. 

In a few cases chemical decomposition is producible by mcchaniol 
means, as, for example, in certain explosive compounds; but it is proba.. 
ble that the mechanical is not always thi; immediate cause. In the la 
cases where mechanical pcrcusuon ]iro<luces decomposition of c 
explosives, evidently l&t Meal generated by the percus^on is I 




CO Light. — This agent, as iHually produced by lumin 
by no meuis a homogeneous one; the prism shows it to be divisible inl 
thousand* of kinds of energy, characterized by greater 
The white light, as emitted by most of it) sources, has at least three d 
of rays, — luminous rays of various colors, non-luminous chemical n 
luminous heat ray*. The non-luminoua chemical rays, called aba t 
rays, have a ipccilic power of determining Ihe chemical union of 
elements and the chemical decomposition of certain compounds. 

Thus chlorine gas and hydrogen gat, when mixc 



THE ATTRACTION OF ATOMS. 



lOt readily unite; wbeti such a mi\luri: is exposed lo suulljjht, almmt 
nsUnUneous cumbiiiation ensues. 

The decompoiing iofluence o( certain layi of light is displsyeil in tl 
photographic print, the substance decomposed being Brgentic chloride. 



(r^ El0otilolt7. — The influence o( electHcitf ii 
ehcmica] action is manifesteil in at least four diiTercnl fonni. 

FmsT. Operaliona coining under the head of ttfctroiyiis. 

Electiicit;r of low tension, such as that pitxluced by the galvanic b 
tCTy, b capable of most iiapurtant influences on chemical compounds. 




processes of eleclro-plaling with coppei, nickel, silver, gold, and other 
metals, it sets in motion an invisible cortent i>y which atoms of metal are 
driven away from the metallic plate called the anade, then into the molc- 
colei of acid or metallic salt dissolved in the ptating-bath, and Ihcnce Dpon 
the surface of the object to be plated, called the eaihadt. The dtpoiitien 
»f iht aulai is merely incidental; the molecular Iram/er is the important 
feature. Metals may be dissolved by thix method if desired. Agnin, non- 
metals may be made to combine, or, if combined, ma; be separated in like 
bsbion by the current. 

SE(X)ND. When > current, in the form of an eltclric arc, passes through 
ipoundi or through mixtures of eleDientory substances, chi-mical cbsnges 
:iit. One of the most morkeil iUustratioiu of this kind of itiflo- 
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coce is in tlic direct union of caibon anil hydmgen whereby tiie sulwtMtce 
known u Bcclylcnc (C,H,) is furmird. Unc of the mosl importanl foiuis 
or interest in c»nnL-cliua with this u)<i:ration i* llie fad that acetylene tcp- 
rescnU a itarting-point for the synthesis, or building up, of orginic com- 
pounds directly from their elements. 

Third. Another form of action i> by the influence of [he fUdrie tforli 
from a KuhmknrlT coil, a Ilolti machine, or similar ap])liancc. In this way 
ilistinci cticmical acliun is stimulatcil over a liniitcil lield. The field, hoir- 
cver, may be widened by continuance uf the electric discharge. J 







Such an electric dischat|.-e, in the furin of sparks flowing from platinum 
IcrniiuaU through dry almoiphcriv air, gives ri>e lo a direct union of the 
(uygen and Dilmifcii. LIrown fumes u[ N,0, or NO, are thus formed. 
These with water may liirm nittie acid (IINl\). 

I'tubahly lightning diachargn form nitric aci-i, in thU way. and thui 
contribute la the avsilahto nltnigen of Iho soil. 

KouRtil. The siUM timrit ditfAargf )imlncet certain marked cScct^ 
at which the tnivl Dolewtirthy Is the change nf onliniry otygen inin omoe. 

In all thtic i.-«tet the acti'>n may he tmil^Jil. There ia the Unc electric 
InSasnrc and, niwiully in <«*ot uf the atcond aihl third methods alrody 
rcfen«il to, lh«R i» the a-hliliuikal inltuence of the heal connecteil with the 
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{r) Vital ProoeBMiolttie HlgbBi and Iiower Living BaliiBB- — 

The vital [luwtrs of Ihe iigiir oniert nf animal and iifgtiailc J-nitgi haM 
mmt marked inlluence upon chemical acliun. Thus vast [jumhrrs of c- 
jyiuiiili are recognized as ciiiting in living animali and planli that have 
nul yet lieen pruiluccd without the intervention of vital force- A few ctys- 



f 



■m- 




ImVorfl'. Ihe alcbiiiteil m. 



^^^i^ 



talliElble tubatances, onlinarily the pniducli of living organisms, have lately 
been prodncn] by rircuitoDs chemical operations without intervention of 
life. Doubtless nlhcrt will be in futarc. 

Certain pcocewws of acetic, butyric, and other fcrmeDlations. purely 
chemical in their nature, have been shown to be due to the presi.'ii< .' nii<i 
action of mVrnAri, and nut to go on ir 
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Organic and Inorgmnic Compound*. — Chemists long ago tecog- 
nUcd certain iiiflvri-iu;cs iietwccn the substances fouml in dislinclly uiiinal 
uid vegetable maltcn, uo the one hand, and the substances found in min- 
eral malten, on the uthet — between ihusc things which constitute organ- 
isms like animals and plants, as uppused to non-living substances like claj, 

Q-rust, alum, saJtpcIre, etc. 

Animal matlertand vegetable maltc^is are the products of bodies pot- 

aing o^ans. Organs are parts having specilic functions. Thus the 
■tomach is an organ piiisessing tbc function of digcstiun, and the lungs are 




organs possesuog the function of respiration. Again, the leaves, the 
flowers, Ihc seeds, the roots, of plants, are separate organs, and (he)' 
possess ^lecial and very differcnl functions of the living vegetable to which 
they belong. ArcBrdiHgly, luislantei drrivtJ frem tigitai/ts anJ aniiHah 
art eolted organic. Non-living objects, as rocks and other mineral and 
earthy substances, do not possess organs, and Ihcy have long been called 
inorganic. 

This division of matters into organic and inorganic was formerly thought 



n essential one; it is not m 






chemical changes oflivinganinislsan't plants ai 



med by the ) 



n thai the 



•a those prevailing in the changes of rocks and other lifeless fun 
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Ototinda tor this Diviston. — ChctnUlTy » still, hnwi 
diviilcil intii the Ihci great depnrtnurnts. — iimiBanic cliemislry and org, 
chcinielry; hul IKh iltvision is lecojjnizeil as a matter of c 




Sbccind. ThcM compound! perform varied snil importinl offices ia 1 
annection with human beinp in Ihcir growth ftod nourishment in bea 



TlilRn. The pnjc«sn of analysis and the methods o 
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organic compound 



ightly (liferent, i 
udy of inutganic. 



Definition ol Orgw>ie Chemistry. — Tlic inciTga.nic imi the or- 
ganic wodOi are, however, so closclj >llled in lomc tespccls, anil certain 
of the lulistancci of the one have such close and natural atfilialiom 
with those of the other, thai it is often found difEicult lu deletmine 
where shall b« placed the line of demarcation between these two peal 
natural groups. Id fact, chemists have not found the definition incidentally 
introduced in a preceding paragraph sufficiently diltincl. To make il 
mare so, organic chemistry has Iwcu sometimes called tit ckoHiilry of Iki 
carbon lomfHjundi. It has s-Jmctimes (x;en called Ihr chemiifry ••/ tMi 



I 




kydrotarboni. Again, the following sliU more rigid and scicnllBc state- 
Bent is often employed : urganic chemistry incluiles those mmpamuh in 
wiiti fit atoms of carbon arc directly unittd eilktr toUk elhir alemi ff 
carhtm, or wtlh atoms of hydrogen, or lailk alom of itilregen} 

Ttto Claamea of Organic Componndo. — There is one distinction 
between the classes of organic com]>uund9 themselves that ought not to be 
omitted here. The member* of the organic family difler very much in 
their properties, according as they arc crystallint or rellular. CryslBltine 
organic compounds, oT which cane tugni may be token ai a familiar and 
luilable example, are nmnerous. These compounds are closely allied in 
tome respects to inorganic compounds. They do not seem to have so 



' From ihe Author's work, "" Bcgini 
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close a relation to the vital processes as might at first be supposed. But 
those organic compounds that are cellular, such, for example, as the 
different varieties of starch, the Hbre of wood, and the fibre of lean meat, 
are much removed from inorganic bodies, and seem to bear a peculiar and 
close relation to the vital forces. In general, cellular organic compounds 
are called organized ; while the non-cellular organic compounds are called 
non-^rganiud. 

Compound bodies then arc divided from a certain point of view into 
two great classes, — inorganic and organic. The organic are again divided 
into two classes, — organized and non-organized. 



chaftp:r XIV. 

THE ATTRACTION OF ATOMS l.contintifid'l. 

THE CHEMICAL WORK OF MICRO-ORGANISMS. 

It is difficult to form a proper conception of the vast 
amount of chemical work accomplished by those ex- 
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ceeflingly minute parasitic plants called microorganisms, 
microbes, bacteria, ett>. Of late years, following the 
work of Pasteur and Koch, many observers have indus- 
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triously studied this subject. As a result, microbes or 
bacteria (the word bacttrium is used ill a general as well 
as in a special sense) arc now recognized as of high im- 

portance in chemistry. 




These organisms are exceedingly numerous as varid 
and yet more as individuals. They arc most widely dif- 
fused. They exist in air (though not largely in sea air 
nor even in the air of large sewers), in water (thou^.^ 
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varying quantities and kinds), in the soil (Chuu^h in 
most cases, not at great depths), 

They effect many kinds of decomposition of mole- 
cules — a work essentially chemical. Some of it is of 
industrial interest in manufactures and in agriculture ; 
some of it leads to the wonderful fermentative and 
putrefactive processes of the world ; some of it goes on 
as the chief factor in diseases of the higher animals, and 
indeed in the normal digestive operations of them. 




[ (Thus it is observed that not all microbes are pathog- 
1 enic : some are distinctly beneficial to living animals.) 

a«nwBl Daaoilptlon of Mlcrobei. — The 
Bsisi of vciy minute ctlU — ofttn doI grcitet in 

iDdlhofan inch. 
Vcl, when Boating in tbc air, tbcy cguutot p«M tbiuugh ■ 
[ looK cotton libre*. 

In form they vaiy very macb. The common formi are At gloAutar 
I (micrococGui), At ityiaU-iiofril (like two iphcre* in contact, or |nrlly 
n together), Ike reJ-tMafeJ (baciUua iotm),lkt comma-tMafeJ,ikt spiral 
■Aaped. 
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'Vht cclla ixt often gtoujwil in a tolcnibljr definite wa; ii 
chains 1 somctimea they are gathered in gieal in^nlsr maKCS. 

A given cell usually conustE of a esc of myeofrotriit cnclusiiif bomo- 
gencous protoplaicn. 




I 



ClawdflcBtloii and NomencUtiu'e of BaotuiA. — Micra-oigaii- 

it^ms have be>:n iJtvideJ into two sections,— (1) iht F.nJasporea ixA (3) 
the Artires/vrea. 

The former conaistl of hut one genui, iporohactcrium, wbicti has root 
recugniied specira. 

The Utter (Atlbrotporca) has two genera, bacterium and mkrococcoi. 



The genus baclerium is the mi 
Jislinct specie*, among which »rc 
in the diseases of consumptiun 
fevci, uid glanders; also the To 
tewage: it also includes the v 
alccihol into acetic acid. 
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ite numerous, having at least twenly-hve 
the bacteria found in the human body 

pneumonia, cholers, dianhica, typhoid 
■ma which arc found in foul ponds and 
incgar ferment, which convcrU clhylio 



I 




EThe genu* micrococcus has eight species noi 
t the bocteiii of small-po>, erysipelas, scarlet 
Orowtb of MicrobM. — The cells of micro-organisms 
are capable of extremely rapid multiplication — generally 
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hy fission or some modification of it. Sometimes fiss 
takes a course whereby forms like spores are produced. 
IJy such processes a single bacterium cell may multtplv 
in twenty-four hours to more than a billion individuals 
like itself. 




Hulu by h( 



The number of microbes in some kinds of food is very 
great. Thus, it has been computed that in the case of 
certain kinds of Swiss cheese one pound of the article 
possesses a microbian population greater than the human 
population of the terrestrial globe. 
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I. They ftsuriik best in frtstnct d/ meiilurf. A small amounl will 
•ervc. Modenlcly dry dust conlaioing them, when put under projiei con- 
ditions with moifture. showi life by the raultiplicfttion of (he vuietie* 
prescDi. Bui AoroHgi dniccaliun 19 fatil. 




■o/tA^n 






nesfhrn, 



le flourish best in slnence 



of it 

As btcteru arc destitute of chlorophyll, they Jo not obtain nutrition by 
dccDoipoiing carbon dioxide of the air under influence of sunlight. 

They must hmi luilablt pabvlnm. Farinaceous malteis are good ; 
■Ibuminoid or other nitn.geneoui substances are very favonbic; meat 
:t is excellent. 
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Some bacteria attack only ilcad orguiiied titsues; olhcn attack anrl 
disoigonize tiuues of living beingi. 

Sdihe obtalu niUogeti from ai simple compuumh as amiiiiiniit gss 
(Xn,) ; olhera require albuminoid compounds. 

Some obtain carbon horn substances as simplu as acetic add; ulhcn 
ftom tartaric acid; others require as complex molecules as sugar or 
glycerin^ yet othcn can take carbon, as uvll as nitrogen, only from 

Thus it appears that, like animals, microbes ore (tependent upon the 
complex molecules formed by highly organised beings. 

5- Tiiy are not materially inlerfired with by certain eheatital tvb- 
itanett, tven by tome Ikal are faiioHous to the higktr animals. 

Bui some chemical substances they do not successfully tolerate. Such 
•re the so-called germicides or antiseptics. Corrosive siiblimatt (mcrcuiic 
chloride, IlgCl,) is one of the most fatal to them, and bence it is largcl;^ 
nxed. The following are also more or less unfavorable to their growth : 
chlorine, line chloride, line sulphate, blue vitriol (cupric sulphate), green 
vitriol or copperas (ferrous sulphate), sulphur dioxide, 1>oric acid, ethyl 
alcohol, carbolic acid (phenyl alcohol), and even common salt. 

In some cases chliirofonn suspends their powers temporarily. 

In many cases the growth of bacteria is airested by products of Iheir 
OHTi formationi tliese, when they ore sufFicienlly accumulated, seem to 
poison the bacteria even though their pabulum is not eihausteil and con- 
ditions otherwise favorable to them ore maintained. 

6. They must be fret from the inlerfircnce ^/ inimical miiroha. Often 
■ Urge number at one kind of microKJrganisms will successfully Combat ■ 
smaller number of another kind. 

But in some cases one species of bactetimn works only in connectioD 
with a second specie*. The lirsl prepares, by its chemical activity, the 
pabulum essential for the life of the second. Thus, in the fermentation of 
(larch, a certain nucrobe commences the work, changing starch to elfayl 
alcohol; then another takes up the process and converts the ethyl alcohol 
into acetic acid. 

Resulta of Bacterial Aotlon. — The life processes of 
microbes are, in a general way, comparable with those 
of other living organisms. They are simpler in some 
respects, because these minute plants are themselves so 
simply organized Their enormous i]umbers, however, 
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enable them to produce, in the aggregate, great quantS 
ties of such compounds as they are able to form. 

The general tendencies of bacterial growth involve ftl 
breaking-down of complex molecules into somewhat stmj 
pier ones, although this is not the invariable result. 

Microbes produce certain special compounds as has-g 
already been suggested. 

1. They accomplish the fullowing imporlonl tmnsfonnations : — 
Cane sugar to tlhyl alesliol: 

Glycerin to tlhyl ahokul, and thence to tulyl akeAel; 

Cane sugar to gum or mannilt ; 

Gtapc lugar or milk sugai or glycerin to iactU acid and butyrU add; 

Urea to aatmonii larbenate ; 

Hippuric acid to benanie acid; 

Alhumeni to plumatHa ; 

Nitrogenous matters to nitrates. 

2. They produce certain groups of Bubttancei possessed of g 
propctlies, of which the following may be noltd : — 

Substances having marked agreeable or disagreeable odors; 

Substances having brilliant colors; 

Substances — called, in general, ptomaines — having eminently poise 
Du» propertiea, as lyroloidcon in milk and cheese. 

The ptomaines just referred to ate alkaloids of a highly poisonous chnr- \ 
Bcter. generally resulting from a morbid decompo^tion of albominoids under 
the inSuence of microbes. 



The Icucomaines a 



tnalt^iiui pDi»onoua alkaloids, liut they are pro- 



I 



duced by the ordinary physiological processes of the higher animals, and 
thus arc capable of being decomposed and excreted under the normal 
action of the appropriate organs, of which, apparently, the liver it the 
most eflcctive. 

lE was formerly held that the morbid conditions recognized ii 
affected by certain contagious and infectious diseases were doe direcfijrH 
the specific microbes present. At present the abnormal action of tbeoi 
ism is referred rather to the poisonous ptomaines proiluced by the mien 

UaefnlneBs of Bacteria in the OrgBnlo World. — Onft d 
the most marked features in the life-processes of 1 




higher animals and plants is the circulation of certain 
atoms. That is, there seems to be a definite and rather 
small stock of certain useful elements, like nitrogen, 
phosphorus (and to these may be added, with less force, 
potassium and even carbon), which are in a continual 
state of transfer. This " stock " is absorbed from the 
soil by living plants ; it is then absorbed by living 
animals. The bacteria assist the process of animal 
digestion, whereby the vegetable molecules are altered. 
Upon the death of animal,? the current stock returns to 
the soil, thence to be employed by a new set of growing 
plants, and later by a new population of living animals. 
Without microbes the "slock" would be withdrawn 
from circulation in living animals or vegetables, and 
locked up inactive in dead bodies. Upon the death of 
the animal, the microbes set up those processes of 
putrefaction and decay, whereby the stable molecules in 
the dead bodies become available for the food of grow- 
ing plants. 



CHAPTER XV. 
THE ATTRACTIOF OF ATOMS (.continued). 

MODES OF CHEMICAL ACTION. 

As a result of the operation of chemical aflinitri 
molecules are changed in a variety of ways. 

The following are some of the principal ones : — 

I. Elementary or compound molecules may directM 
combine : — 



Zn 


+ 


CI, 


= 


ZnCl, 


OntAlCBDof 








Oncn»i«nl.or 


Zinc, 




Clilorme, 




Zinc chloride. 


6s 




7' 




■J6 


parli by welghl. 




parubywHght. 




pan. by .dshL 



2. An element or group of elements may disflai 
another element or group : — 



2HC1 + 


Zo 


ZnCl, 


+ H, 




One atom oT 




OuoDlKUlttf 


Hv.lrochloric acid, 


Zinc. 


Zinc cUoridB, 


HyJiogen. 


73 


65 


136 


3 


piru by weighl. pa 


mby«igh.. 


P-mbywtigh.- 


P-mbywriiW.. 



But in some cases the displacement may be by gradui 
stages. Thus marsh gas (CH,) may havL- its hydrogen! 
replaced by chlorine, atom by atom, until all is removec 
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Thus the following compounds may be progressively 
fornied : — 

CH,C1, 

CHiCl„ 

CHCU 

ecu 

3. An element or group of elements in one molecule 
may exchange places with an element or group of ele- 
ments in another molecule: — 



CuSO. + 


Bacno,), 


^ BaBO, 


+ 


Cn(»0,), 


0«n.pl«ul.or 








011= molHuLi of 


Cuptii; sulphtle, 


Baric nilrale. 


Baric sulphate. 




Cupric nitrate. 


>59 


161 


m 




187 


p.r<.bywBih<. 


parti br »cighi. 






parti fay «ei(bi. 



4. There may be a rearrangement of elements or 
I groups of elements within single molecules of a sub- 
f itance: — 



(NH,)0(CIT) i4fl»ii-i 

Oae mtdccalc of 
Ammonic cyanale, 



One nnkcute of 
Urea. 



5. There may be a direct decomposition of a certain 
molecule into others of a different kind : — 
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Tha Spbeie of Cbemical Action. — The sphere of 

chemical action is evidently that of the individual mole- 
cule ; as a result of chemical change, molecules change 
their components. This sphere is a very limited one 
when looked at with reference to the minuteness of a 
single molecule. It is one of very wide range when it 
is remembered that all material substances are made up 
of molecules, and that the character of the molecules 
determines the character of the mass. Chemical change, 
therefore, is most fundamental, altering substances in 
their ultimate recesses. Changing the molecules in 
which the identity of substances reside, it changes the 
identity of masses themselves. Thus all the kingdoms 
of nature owe to chemical action the variety of sub- 
stances produced in their normal or abnormal growth,<„ 
while geologic and cosmic changes involve chemic 
action and reaction on the largest scale. 



pro- 
nost 

•^ 

1 flT^" 



The Reanlta of Cbemical Aotion. — The effects pro- 
duced by chemical change are recognized as of the most 
striking kind; and this is true both in natural and ia.j^ 
artificial processes. 

Some of the principal effects noticed are changesri 
physical condition, as a substance originally solid or" 
liquid or gaseous, at a given temperature, may change 
to another of these conditions; changes of color, odor, 
taste, or other physiologic or toxic effect ; change of 
volume: thus sometimes chemical action draws atoms 
closer together. As already stated (p. 78), two volumes 
of hydrogen gas and one volume of oxygen gas, when 
chemically actuated, unite to form a new substance 
(water-vapor), occupying only two volumes altogether. 
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Sometimes there is no reduction, but rather expansion : 
thus gunpowder, a solid, experiences chemical change 
when slightly heated, and produces an immense volume 
of gas. Sometimes neither expansion nor contraction 
takes place. 

Sometimes chemical affinity produces such violent or 
bizarre effects that there can be no question that it is in 
active exercise. In other cases, where two or more sub- 
stances might be supposed to undergo chemical change, 
the evidences are so slight as to make the very exist- 
ence of the chemical action difficult to substantiate. 

Among all these various, and in many cases inexplica- 
ble results, two principles are constantly recognized, — 
the indestructibility of matter and the indestructibility 
of force. 



0«D«rBl Lanra of ChAmioKl Action. — The following are 
a few general laws relating to the results o£ chemical 
action : — 

Tkt Law of Insolubility. — When there are brought 
together solutions that contain several elements such as 
vould, if united, form a compound that is ordinarily 
isoluble in the liquid present, this insoluble compound 
will usually be formed and will appear as a precipitate. 

This law is subject to certain limitations, yet it is of 
sufficiently wide application to sometimes enable the 
chemist to predict the formation of a given substance 
that may never have been produced before in that par- 
ticular way. 

This law finds illustration in the following equations : — 
HCl +Ag(NO0 = AgCl + H(NOJ; 
NaCI + Ag(NO,) = AgCl -i- Na(NO^ ; 
XCl -l-AgY -AgCI + XV. 
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The La%v of Volatility. — When there are brought 
together substances whose reaction can produce a gas 
or a substance that is volatile at the temperature of the 
experiment, such volatile or gaseous substance generally 
will be formed, and will be liberated with effervescence. 

The Indestructibility of Matter. — The amounts of 
weighabie matter taking part in a chemical change are 
definite ; and the sum of the weights of the products is 
always equal to the sum of the weights of the factors. 

The Indestructibility of Energy. — The amounts of en- 
ergy involved in chemical changes are definite. When 
the elements of a chemical compound are drawn apart, 
a certain amount of energy is usually absorbed. When 
the same elements come together to form a compound, 
a certain amount of energy is evolved. Now the amounts 
of energy in these two cases are equal. 

It is true that the energy absorbed or evolved in such 
cases may vary in kind. It may be the energy of heat 
or that of light or that of electricity in some of its modi- 
fications, or it may be some combination of these. But, 
in any event, the facts sustain the doctrine called the 
conservation of energy, which involves the view that it 
is impossible for us to create or to destroy energy, just 
as it is impossible for us to create or to destroy matter. 
All that we can do is to change the particular form 
which the energy shall, for the time being, assume. 

Criteria of ChsmicBl Action. — It has already been 
stated as a fundamental principle that natural phe- 
nomena arrange themselves in scries in which the 
individual members differ from their immediate neigh- 
bors by minute and sometimes almost indistinguishable 




details. Thus it may be expected that the drawing of 

distinct Hnes of division will often be impracticable. 

This statement is applicable to those different kinds 

of action called chemical action and physical action. 

f While a multitude of operations are readily recognized 

1 manifesting distinct evidences of chemical change, 

I and at a distance from these may be produced changes 

rthat are referable distinctly to cohesive and physical 

I forces, there are between these extremes phenomena in 

■ which the definite signs of the one or the other kind of 

lactton become less and less marked, or entirely fade 

I away. 

Thus, on a given occasion an observer may be reason- 
1 ably in doubt whether certain intermingled or adjacent 
r substances undergo or do not undergo what is properly 
described as chemical change. 

It is therefore desirable to consider systematically the 

t evidences upon which a decision must be reached. The 
following may be accepted as a guiding principle : Gain 
a thorough acquaintance with all the characteristics that 
generally attend undoubted chemical changes ; then, in 
^ doubtful case, observe whether one or several single 
characteristics are distinctly evident, and whether one 
or several characteristics can be recognized, if only in a 
feeble and rudimentary degree. 



The fallowing are Ihc chief evi 
(a) The gencmlLoti of ccttaii 

These >re impuilanl indicfttion! 

capable of delecting very minut 
, tnrbance. 

(i) The pti>duciion of new 



Icnces of vcll-miiiked chemical action : — 
physical fuieci, aa heal, lighk electricity. 
. since appliincci have been produced 
; amUQDls of hett and of electrical dia- 

loleeulcs. Theie may he recognized w 



■ Tliey |>oiKss new chemical compgiition; that u, they contain cither 
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ttew elemenlE or else they contain the oiigimi elemeati in new propoc- 
tioDs by we^ht (and in case of gaseous elementary substances, by volunie 
as well), This evidence involves Che important law of definite proportiom. 
<Sit p. 72,) 

2. 'lliey possess properties differing more or less distinctly from those 
of Ihe original elementary or compound molecules which, in the a 
question, arc supposed to have been subject to chemical change. 
changes to be looked for are in the following features: — 

The color; degree of opacity; refracting power for light; 
te; physiologic and toxic properties; 

The conducting power for heat, light, aad electricity; 

The density of the substance in the solid, liqiud, 01 

The melting and boiling points; 

The degree of solubility in solvents. 




CHAPTER XVI. 



THE ATTRACTION OF ATOMS {amtinuedX 



TH EKMO-CH EMISTRY. 



- It has long been recognized that many 
chemical changes give rise to an evolution of heat. 
Sometimes the amount evolved is very large. Indeed, 
practically all man's artificial heat is the product of 
chemical combination. 

It is also well known that the amount of heat evolved 
by the combustion — or other chemical reaction — of a 
certain weight of one substance is very different from 
that given out by a corresponding chemical reaction of 
an equal weight of another substance. 

At a given moment of time any material substance or 
thing possesses certain internal and external relations 
of parts, and contents of heat and other forces, the sum 
total of which may be called its condition. Now any 
change whatever of its condition implies either some 
alteration of the arrangement of its parts externally or 
internally, or some alteration by increase or decrease of 
the amount of its forces. In either case the change 
requires for its initiation the application of some ex- 
ternal force, which may, perhaps, be small in amount. 
But the change, when once it has been instituted, either 
r liberates a large amount of energy of some 
1, generally that of heat. 
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Reaeliont of the ton referred to ire sometimes cisssed u direct, n 
exolhermic (those in which heat ii evolved), and itldirecl, 01 endothemuc 
(thuse in which heat ia absorbed). 

It is worthy of note that the amounl of heal involvei! by the unioti of 
substances in an exothermic reaction is exactly eqaal to the amounl of heat 
that would be required to subsequently decompose the substance pivduced 
by such (iperalion. 

The facu here Slated Eeem to be merely fornu of the genermi bw of 
nature, that changes in the arrangement of material subsuncct cannot be 
accomplished without the aid of force. In other wotds, to bring about a 
certain change, heat or oilier force must be supphed, and (he enctjy 
appears lo be somehow lai/ii in by the compound. In the reveraal of the 
same operation the energy taken in ia given out : then force is evolved, 
as heat 01 in some other form, equivalent in amount to that originally 
abs,irbed. 

Within a few years efforts have been made to Icam »nd state with 
exacttiess the amounts of heal afforded by all the more prominent chenucal 

The exact studies of Alexander Naumann, Juhus Thomsen, Marcellin 
Berthelot, and others rank among the classical scientific reieatches of this 
era, I'he whole subject has also been carefully rcvieivcdrin recent tieatiset 
by Patlison Muir and others. 

Laws of Thermo-Dynamlds. — First Law. There is 
a definite quantitative relation between the amount of 
work done and the quantity of heat produced or 
destroyed. 

Second Law. — If all the heat in any body or system 
of bodies is at the same tempt-rature, no mechanical 
work can be obtained from that body or system except 
by bringing it into contact with another body at a lower 
temperature. 

The important principle stated by Clerk Maxwell may 
with propriety be presented here : — 

"The total energy of any material system is a quan- 
tity which can neither be increased nor diminished by 
any action between parts of the system, though it m^ 
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he transformed into any of the forms uf which energy 
is susceptible." 

Ths Law of Haximnm Work, — Berthelot states this 
law as follows : — 

"Every chemical change accomplished without the 
addition of energy from without tends to the formation 
of that body or system of bodies, the production of which 
is accompanied by the evolution of the maximum quan- 
tity of heat." 

Muir makes a critical eisnuDation of this ilaCemeDt, and thinks that 
Berthelot hits falkn intu errut. Thus consider Bt the ouUet the suggeitioD 
flixt any chemical change can be accomplished without ihe addition of 
energy from without. Initial outward inftufnce seems necesaaty to change 
the condition of nny portions of matter not in actual process of cbange, 

ThermBl TJaiM, — The amount of heat absorbed or 
evolved in chemical opierations is usually represented in 
thermal units called calories. 

Thomson uses the water calory, and his unit of heat 

is the amount of heat necessary to raise one gramme or 

one kilogramme of water through one degree measured 

I in the neighborhood of the eighteenlk to the twentieth 

I deg^ree of the centigrade thermometer. 

Berthelot prefers to use watcrat zero degrees centigrade. 

In some cases an tee calory is used, the heat being 

I measured by the amount of ice that may be changed 

I from the solid to the liquid form without rise of tem pera- 

I ture (one ice calory is equal to 80,025 wiiter c " — ^-"— 

It should be noted, also, that sometimes tbt 

irge calories (C) are used, and somctimefl i 

ries (c). The large calory relate* to t 

water, the small calory to the g 
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The heat of combustion of an element is sometimes 

defined as the amount of heat evolved by the perfect 
combustion of one gramme or one kilogramme of the 
substance. 

■s the heat of combiution means the qoxntity of hc«l produced 
mical change uf a number of gramincs leprcsentcd in a itrlain 

In accordance with Ihe liret detinilkin. 
the heat of combustion o( hydrogen s the 
amouDt of beat prodnced by burning one 
gnimtoe of it. In accordance with the 
second definition, the heat of combtatioa 
or hydrogen is the amount of heat pni- 
(luced by burning two j 

p ctenting one molecule of hydnii 

CDidance with Ihe equation — 

H, + O = H,0. 

CalorimBten. — In the 
pe mtnts of thermo<hemis 
several different kinds of 
pi ances have to be used. 

The forms of chemical chan) 
are so varied as to the siib- 
ofcaiot- stances taking part, as to the 
^* ' substancesultiraatelyprodi 
and as to the conditions att 
ing the progress from the 
set of substances to the other, 
that jv thermal study of these 
forms of apparatus specially adapted 




I me 



changes demands 
to the dillfi;rent c 

The essentia! parts of calorimeters are : First, a 
rior vessel of some sort, e.^. of glass or of platinunit.fl 
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which the chemical operation proceeds. Secomf, one or 
more delicate and accurate thermometers, to be used in 




n conunieud Inr olHcn' b( i)k hoi gn- 
nn, 'Hie QVVcr jackcls ue for Ihe purpoit 
of prweflCmf hcu from pkuiDg froiB the moa utla Ibc appumtua or (ma Ihc sppinbu 
Oulwd- The bcvkcr id whkh (bo cacpcrimcal it perfvimeij it pUced upop pointed wp- 
paru l(ir ihermai inuUiinB. A i*i»t«r, a, i* provided to diffuse ihroufhout ifae ulufion 
ihe hem geoctucd. A d;;lic:dU iIicnnDiiicter luapendcd tn the htluiioa icgiiten (he 
tenpcrauirc- 

^K measuring the rise of temperature of the operation. 
^H Third, several protecting coatings or chambers, such 
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as vessels of water or of air, covered with felt. Fourth, 
mechanical stirrers to agitate the water of the outer 
chamber so that the heat absorbed may be evenly dift- 




lh« Hvenl jacket* pUionl jibotil 
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tributed. Fifth, in some cases the room in which the 
experiments are performed is most carefully maintained 
at a uniform temperature. Sixth, sometimes the ex- 
periments have a duration of several days, so that the 
water employed as a protective coating (and the air 
of the room also) may acquire a uniform tempera- 
ture. 

I. One genCTtl tortn of appitatiu ii suited to experiments on the 
relations of solids with water or other liquiiU. Under thia head come such 
cues M the aolutioa a\ many sain in water, the reaction between water 
■olulions of scids and water solutions of alkalies, and the like. 

II. Another kind of apparatus is Beeessity in the sluily of combustion 
processes. Such are those in which solids, liquids, oi gases are burned in 
oigigcn gas, or are nude to unite -~ by a process analogous to oxygen eom- 
bttftion — with sulphur, chlorine, bromine, or other substance. 

III. Another form may be neccMaiy in the itodv of the violent changes 
' involved in the action of chemical agents on certain organic matters, as, fur 
Y sample, of nitric acid on sugar. 

P IV. Some chemical operations may demand apparatta for their indi- 
' vidua] treatment, as, for instance, when two gases act on each other at 
ordinary temperature : Ihe union of nitrogen dioxide and oxygen affordi an 
illustration. Again, the action of certain substances on others proceeds 
dowly, and special apparatus may be needed to deal with such changei : 
Ac action of oxygen uu a solution of sodic thiosulphate (sodic hypo- 
<anlphile) afiords an illustralion. 

Dlffi<jultl«B BzperlsncBcl. — Exact determinations of the 
amounts of heat evolved or absorbed by chemical opera- 
tions are attended with certain difficulties: — 

First. There are the mechanical difficulties associ- 
ated with the construction and use of the apparatus 
required. 

Second. In certain distinctly connected series of 
chemical changes heat is both absorbed and evolved. 
The computation is thereby complicated. 
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The chemical ucion of hydrogen und chlorine would be a simple one if 
e properly cxprencd by ihe equntion H + G ^ HCl. In ihis eiprei- 
sion a simple and direct union of two aloma a described. 

But the true change taking place when hydrogen and chlorine unite ii 
believed to he eipreased by the eijuation H, -^ CI, - 2 HQ. This expres- 
sion describes something more complicated thnn the forgoing. It e» 
presses at least three operations; viz. a decomposition of a molecule ol 
hydrogen, a decomposition of a molecule of chlorine, the imion of an alom 
of hydrogen with an atom of chlorine (this particular operarion being 
twice repealed). Now it may be safely assumed Ibot the decomposition of 
the hydrogen molecule and the decomposition of the ehlorine molecule 
both absorb heat, while the union of the atoms of hydrogen with the 
atoms of chlorine evolves heat. Evidently, then, the total amount of heal 
observed in such an operation represents a rtmoiiu/fr equal lu Ihe excess 
of the evolved over the absorbed heat, 

H' represents net observed evolution of heat. 

//represents amount of beat evolved by actual chemical union of the 
Silbllanccs. 

h represents amount of heal absorbed by decomposition of one of the 
molecules involved. 

h' represents amount of heat absorbed by decomposition of the other 
molecole involveil. 

Third. In many cases of chemical change the heat 
actually generated may be partly expended in raising 
the temperature of the solids, liquids, or gases produced. 
Of course any such rise of temperature as is observed in 
the experiment must therefore be subjected to correction 
because of the different specific heats of the substances 
present. Thus the experimenter in thermo-chemistry 
must make a careful study of specific heat, and the 
results of thermo-chemistry cannot be relied upon unless 
correct results in specific heat are employed. 

Fourth. In many cases the final result is complicated 
because the substances first produced dissolve in the 
water present, absorbing or evolving heat by this op« 
tion. 
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Ranee of the 8ubi«ot - - Evidently the field of thenno- 
chemistry is a wide one. 

As a method of observation it has been brought to 
bear upon many diverse forms of action. Thus it has 
been applied to the study of the following classes of 
subjects : — 

First. The amounts of /it^al of fomtalion of certain 
binary compounds, as the compounds of hydrogen, 
chlorine, bromine, iodine, sulphur, oxygen, and other 
elements by various methods. These include energetic 
changes in which various substances, elementary or 
compound, unite with oxygen or other elements by a 
process analogous to combustion. 

Second. The heats afforded by neutralisation of 
L alkalies, like soda, potash, and others by acids. 

Third. The heats of solution of solids, the dilution of 
[ liquids, and hydration generally. 

Fourth. The phenomena of dissociation, and the so- 
[ called abnormal vapor densities. 

FiPTii. Certain allotropic and isomeric substances. 
I Thus there has been made an examination of the diffir- 
f ences in the thermal value of the combustion of different 
I kinds of sulphur, different kinds of phosphorus, different 
I kinds of carbon, different kinds of silicon, as well as of 
j different isomeric compounds of the organic series, with 
I a view of detecting, if possible, the differences of molec- 
Vular structure of these elements and compounds. 



Rnolta. — While it is not possible as yet to stale 
[many distinct laws as to the heat of chemical union, it 
[has been noticed that certain operations of a similar 
BChemical type involve approximately equal amounts of 
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heat, even when the particular substances taking f 
are all different. 

The amaunt of heat produced when certain lubMances arc dUmolni 1b 
water affonit imporUnt informalion as [o the condiliifB of such » 
in solution. Thu> il ia well known that upon mingling tulphiuic antiydiide 
(SO,) with water, heat is produced. A critical itud} of this opefatioo 
shows plainly [hat a large proportion ot the heat afforded ii producci) bl 
the addition of the fint molecule of water, imd a large proportion a aba 
produced by the addiUon uf the second molecule uf water. Muir sai> that 
there can be little or no doubt that the various resalts point to the formaiioD 
in aqueous solutions of sulphuric anhydride (SO,), of one deltnite liydrale 
having the formula H,SO,, and not of other hydrates. 

The same general tciulti are obtained by the study of the solution 4 
other acids. 

"The [UfTerence commonly expressed in the terms water of constitalid 
and water of cryalalliiation is evidently, so fnr as may lie judgd fi 
thcrraO'Chemical data, strictly a diflerence of degree and not of bind." 

A few examples of the numerical results may be f 
sented here.^ 



(a) Union of Elements. 



H +Cl-HCl+23,ooocal. 
H +Br--HBr+ 8,440 " 
H +1 =Hr - 6,040 " 
H, + =H,0+ 68,360 ■' 
H,4-S =H,S + 4,;40 " 
S +0, = S0, +71,080 " 



(i) UttioH of Comfiounds with Water. 

H^O* +H,0 =(H.O H^SO.) + 6,379 cal 

KOH - 3 H,0 + 197 H,0 = (KOH ■ 200 H,0) + 2.75 1 
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{e) C'tiioH pf Acids and Easfs. 

2 HCl + Nii,0 - 2 NaCl + H,0 + 27,480 cal. 
2HBr + Na,O'«2NaBr+H,0 + 27,soo " 
2 HI +Na,0 = 2NaI +H,0 + 27.360 " 

In this Ust set of equations the similaTicy of the Dumbei of caluries 
evolved at aoce suggests similarity in the operatians in question. This 
umilaiily ii noticeable in many otbet cases among eleinents and com- 
pounds of the same family group. 

Indeed, Thomsen clauifies the acids in a general way into sets some- 
what as follows : — 

First. Acids wbose heats of neutialuation are about ao,cao cal. 
Examples are — 

Nitrous acid HNO,. 

Hypochlorous acid HOO, 

Cartmnic acid H,CO^ 

Metaboric acid 11,8,0,. 

Second. Acids whose heats of neutralization axe about t^fxxi caL 
Examples are — 

Chromic wid H,CrO,, 

Succinic acid ftH,Oj. 

TtllKD. Acids whose heats of neutratiiation ate about 27,000 cal. 
Examples are — 

Hydrochloric acid HCl, 

Hydrobromic acid HBr, 

Hydriodic add HI, 

Nitric acid HNCV 

Chloric acid HOC^ 

Bromic acid HBtO,. 

Iodic acid HKV 

Formic acid HOTHO. 

Acetic acid UOC,H,0. 

Moit of the acids examined by Thomsen belong to this group. 
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Fourth. Acids whose heats of neutralization are greater than 27,000 
cal. (generally from 28,000 to 32,500 cal.). 
Examples arc — 

Hydrofluoric acid HF, 

Sulphurous acid H^SO,, 

Sulphuric acid H^SO^, 

Selenic acid H,Se04, 

Metaphosphoric acid HPOp 

Phosphorous acid HjPOj, 

Oxalic acid H,0,(C,0,). 



CHAPTER XVII. 



THE ATTRACTIOK OF ATOMS icontitmed). 
THEORIES OF THE NATURE OF CHEMICAL ATTRACTION. 



The force — whatever may be its nature — that leads 
substances to undergo chemical changes is often called 
chemical affinity. This force is capable of overcoming 
a certain amount of resistance ; again, a certain amount 
of force is necessary to undo its work. It also bears 
definite quantitative relations to other forces, such as 
heat, light, and electricity : definite amounts of chemical 
energy are necessary to the production of unit amounts 
any one of them, and definite amounts of one of them are 
necessary to the production of a unit of chemical energy. 

A very large amount of information has been secured 
as to its ways of working, etc., but no entirely satisfac- 
tory explanation of its nalurc has yet been offered. 
Views as to the nature of chemical attraction have 
changed from time to time as one phase of thought or 
another has been dominant. They have in a marked 
manner reflected the spirit of the time as aroused by 
some great discovery. 

Early Viewi. — The general opinion of the alche 
mists was that somehow or other substances of like kind 
j or origin tend to combine. 

This view is evidently inadequate — the more, in that 
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it is now known that the most active chemical unions a 
between substances that are in many ways most unlikd 

2. Newton's Theory. — Newton's discovery of the uni- 
versal attraction of masses was naturally and easily ex- 
tended to the minute particles of matter, and chemical 
attraction was then held to be one form of general 
attraction. This view was advanced by Newton, and 
later was supported by Berthollet. These philosophers 
considered, however, that the universal tendency of 
bodies towards each other was somewhat modified by 
the minuteness of the particles between which chemical 
changes are capable of taking place. J 

3. The Theory of a SpecUl Foro«. — Chemical attra<>4 
tion has been viewed as a unique kind of force. This 
theory, widely accepted during the past hundred years, 

is that atoms and molecules are gifted by the Creator 
with certain specific tendencies to unite, and that with 
certain fixed degrees of force. This supposes the pos- 
session by atoms of an inherent property called chemical 
affinity. The name applies in a general way to an uO^ 
explained energy somehow residing in the atom. fl 

4. The Blectiical Theory. — Chemical attraction has 

been thought to be a phase of electrical energy. Davy. 
Dumas, Becquerel, Ampere, Berzelius, Gmelin, and 
others have held some form of electrical theory of 
chemical action. The general notion has been that 
atoms and molecules are naturally or may be artificially 
charged with varying amounts and kinds of electricityj 
By reason of their condition in this respect they i 
mutually attracted or repelled, and with varying degred 




of force, somewhat as electrified masses of matter are. 
This theory derives support from certain important and 
well-defined facts. For bodies artificially electrified 
often manifest thereby stronger chemical attractions ; 
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chemical action yields as a product a definite 
itity of electricity. 

5. The Theory of Motion. — Williamson's theory is 
that chemica! attraction is a form of motion. This view 
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accepts the modern idea of constant atomic and moliic- 
ular movement. It suggests that in atoms of all or- 
dinary molecules a rapid but regulated interchange is 
going on, so that in certain cases a given atom may be 
continuaJly moving from one molecule into another. A 
transfer of this kind could not be easily detected among 
molecules of the same kind, but among molecules of 
different kinds it would effect just such changes as are 
recognized in many chemical operations. Thus two or 
more molecules of hydrochloric acid (HCi.HCl) might 
make an interchange of atoms without any easily appre- 
ciable alteration of properties of the substance. But 
when a molecule of argentic nitrate and a molecule of 
hydrochloric acid are brought into contact, the inter- 
change might produce two new molecules possessing 
t properties easily recognized as diEferent from those of 
Ihe original two, — 
Ag(NO,) + HCl - AgCI + HNO, 
AriBatk nilnlc -t HydnKhloric ackl — Arscniic chloride -f Nirnc add. 
This theory, moreover, not only explains such simple 
operations as that just referred to ; it is capable of 
affording an adequate reason for certain of the more 
obscure phenomena of chemical change. 

Comiiittut on those Theoiiei. — Chemical attraction 
must be looked upon as a force having in it something 
of general powers and something of highly specialized 
Thus any theory of it ought to include the notion 
jbat all substances tend to come toward each other, for 
ntpparently all chemical substances will combine — there 
t merely a difference in the strength of this tendency 
1 different cases. And so if masses of matter gravitate 
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toward each other, why not moJecules and even atoms^ 
Where shall be drawn the line at which gravitalivc 
force ceases? 

Further, il must be mlmittcd that substances are found to poasat 
certain natural qualities — incxpUcable i>nea. 'W'hst U this but a dedan- 
tiun that they are gifted, at their original creation, with specilic powers^ 

Agoiii, the duse L-onnectioti of electricity with chemiol force is 
indubitable. 

The modern notion of constant movement of all forms of matter appliri 
with peculiar appropriatenesi to atoms and molecules, and seems lo lie 
inseparable from any idea of so intinaate a change as the chemical. 

There is no impropriety in considering chemical attraction u a camplei 
tsthct than a simple form of force. Certainly the rich variety of ils modes 
of action and of its results must sustain such a view. 

Thus each of the theories slated contains tculhs. The acute obsencrs 
and thinkers who have heli) them COuM not have been entirely misled. 
Each theory singly is merely inadcqualt. Probably in one that is adequate 
there must be combined the truth included in each of those staled — and 
more, too, as chemistry advances. 

What is wanted, then, is a compact statement, sufficiently compicheo- 
sive to embrace in harmonious union the various principles known to be 
involved in chemical change. 
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METHOD OK WORK AND METHOD OF DESCRriTlON. 



I 



IntrodnoUon. — Whatever theory an individual may 
hold with respect to the existence of atoms, — in the 
most distinct import of that word, — it cannot be reason- 
ably questioned that substances combine chemically in 
accordance with certain approximately fixed proportions, 
and that these proportions may be expressed in tolerably 
exact numerical form. 

As a matter of fact, chemists assign to each elemen- 
tary (and compound) sub.stance a certain representative 
number. Such numbers are certainly combining num- 
bers. They are probably much more. For elements, 
they represent at least an approach to atomic weights, 
and for compounds, at least an approach to molecular 
weights. They are, in fact, compact, single expres- 
sions, of the best form now known, embracing at once 
in harmonious union, weight ratios, volume ratios, vapor 
densities of elements, vapor densities of compounds, 
specific heats of elements, specific hciats of compounds, 
substitution powers of elements and compounds, and 
even other relations besides. 



I in the moB 



e il may he questioned whelhet ihere is an Bl>»olule nnifonnil 
uf Every ultitnalc ntum uf one and the same chcmkal elemCDl 
itnic weight* mcreljr te]irescnt • mean v«lue around which the 
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■dual atnmjc weights of Ihc Bloms vary within ccrl 
When, therefore, it is ssuil, t^. that ihe atumic weight nf olcium it ift, 
the actual fact may well be ttiat whilst the nujority of ikc cakium ilumi 
really have the stumic weight of 40, some ue rcprcsenlcH liy 39.9 ur 4ai, 
a smaller number hy 39.8 or 4O.2, and lu on. The pmpcriies which we 
)>crceive id any eletnent are thus the mean of • nomhcr of atoiini difiering 
among iherasilves vrry i/igAlly, but still not identical." ' 

In case of numbcis accepted as atomic weight!, the rule in this disci» 
sion is u follows ; When the numliet itivolves a FiaCtionil part, this pin » 
to tnodilieil that qiuuitiliei Icra than x>5 ace rejected, while ((uantitics ri{iu! 
to or greater than .05 are counted as I of the next higher denonunatiun. 

Practical Importaaoa of Atomic WeiglitB. — The nuni- 

bcrs adopted as atomic weights liave unquestioned 
practical value. They serve as a basis for the calcula- 
tions of the chemist in his analytical processes, and also 
as a foundation for the work of all the great chemical 
manufacturing industries of the world. Their value 
depends in part upon the invariability of the numerical 
laws of combination through all chemical mutations. 

Iiabor ezpendefi In •ecniing Atomic Welghta. ~^The 

numbers adopted have so great an importance that 
chemists have devoted their highest skill and their moi 
assiduous labor to the exact ascertainment of ihei 
(Examples may be found in the work of Berzelius < 
many elements, that of Stas on many elements, 
pecially silver, of Crookes on thallium, Mallet on s 
minium and gold, Cooke on antimony, and Rayleigh^ 
Cooke, and others on oxygen,) 

The different elements afforil different hinds of informatian : Thus the 
atomic weight adopted to-day for one eknient maybe wi 
confidence than that adopted for another. 



' W. Crookes, 
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And agnin, while the atumic wet^lil iiUimately accepted in a given cue 
lie one which harnioniics willi the entire boily of chemical and 
Bphyiical knowledge, it most lie eigiecteil that tliete ihoulil remain a few 




Ciceplional cases inoBpable of immediate ct;planation. Ii it acknowledged 
lo be a matter of no slight ditficully to tix u|>on the atumic weight u dix- 
tingidshed from aonie simple mulliple iir fraction of it : in 
tnring to insofficient data, it is at present impowble. 
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In any event the work demands two distinct kinds 
of operations: first, the experimental part, invoK-ing 
numerous tests and analyses ; second, a work that is 
even higher and more difficult ; i.e. the reasoning part — 
the drawing of the proper inferences from the body of 
experimental facts accumulated. 

Since Dalton's first attempt to determine atomic 
weights these constants have assumed, little by little, 
an increasing interest. At present the effort to secure 
the most exact numerical expressions for them is con- 
sidered by chemists a work of the highest importance. 



Metlioda of Determlsatlou. — In determining the atomic 
weight of a given clement, a connected series of steps 
must be taken. The following is a brief outline of 
them:— 1 

First Step. — Aifopt a suitable unit for the system. % 

Second Step. — Fix a basis upon wkiek shall ht 
selected the compounds (of the element soitgkf) to be 
studied. 

T/iird Step. — Proceed to make gravimetric analyses 
of the selected comjiounds. From these discover 
directly a combining number for the element. 

Fourth Slip. — Make choice of an atomic weight for 
the element from the various multiples or submulttples 
of the combining number discovered. In doing this, be 
guided by certain facts combined and applied in accord- - 
ance with definite principles, 

Thus, learn — 

The vapor density of the element ; 

The vapor density of its compounds ; 

The volume composition of the compounds; 
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The specific heat nf the eiement ; 

Any other suitable data. 

Fifth Step. — Confirm the foregoing choice as fully as 
possible. In doing this, employ as many chemical and 
physical facts as possible. With this in view, study the 
lement and its compounds in connection with molec- 
ular formulas. 

These involve a consideration of — 

Molecular grouping ; 

Specific heats of compounds ; 

The boiling-points of compounds ; 

The crystalline forms ; 

Such other relationships as may be useful. 

Sixth Step. — Bring all the atomic weights obtained 
into one table and arrange them in an appropriate order. 
This has been attempted by Newlands, Mendeli^eff,' and 
many others. The two investigators mentioned have 
been among the most successful. 

Note. It may lie noted here that it is the gravimetric unalyset that 

pve the resulla thai ate numerically capable of the highest degree of accu- 

Indeci], they afford the only decisive fouadatiun. The Dumbers 

y aflbrd are certainly lomtnning numitrs. 

On the other hanil, the variuui vapor dcnnlic* and the variam ipcdiic 

Duinty valnable aa guidiniE in the choice between the tevend 

Ptnultiples of a number already learned. 



The Method of Dlmeiuaioii. — II is plain that the subject in band 
1 an extended une. There is some diHicuU]r even in the selection of ■ 
■ BKthod of presenting it. Seveml ways arc open. 

(p/well to follow here the exact historical course of the snbjed, 
W (hi» has been marked by tentative and even ertoneuus viewL However 
re these may be to the cxpctienccU chemist, they can only cinbai- 
M the begin ne 
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It seems preferable to carry the student over a course directly leading; 
to what is now accepted as truth ; but the course to be selected should 
accord with the natural progress and be shaped by a sound pedagogic 
method. 

In the following discussion certain numbers are very quickly adopted. 

This is not improper. But it should not be forgotten that, as already 
intimated, the historical progress of chemistry has involved a much more 
circuitous route to reach these numbers than the discussion suggests. 



CHAPTER XIX. 
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ATOMIC WEIGHT {contirmed). 

FIRST STEP: A UNIT ADOPTED. 

The subject involves the search for certain numbers. 
Now it must be remembered that all numerical expres- 
sions of mixed mathematics involve the use — either ex- 
pressed or implied — of some unit; and often the unit 
chosen depends more upon convenience than upon any 
other consideration. These statements apply to atomic 
weights. Some unit has to be selected. At the present 
day the one almost universally accepted is the weight of 
a single atom of hydrogen, — a weight extremely small, 
but one that it is possible (though not necessary) to 
express in terms of every-day weights. 

It ii believed tbat the weight of a single atutn of hydrogen is ccgual 
to 35 grammes divided hy to''', — an amount about equal to une and one 
qoRiter ouncei divided by one million mitlion million million. This minute 
weight h»* received the *pcci«l name mUrocritk. When, therefore, il is 

J thai the alumic weight uf oxygrn is |6, the meaning is that b 5in{;1e 

m of oxygen weighs 16 microcriths. 

A Different XTnit mlglit be need. — It must be rcmem- 
I bered that this selection of the atom of hydrogen as the 
I standard is a matter of convenience partly, being based 
' on the fact that no other atom has so low a weight. 
The weight of any other clement might be used if it 
I were found to be more convenient. 
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Daltoii used hydrogen in his first table of atomitj 
weights. Subsequently Berzclius and others retoi 
mended using oxygen as the standard, calling its weight! 
loo.^ This latter system, however, was found to have 
the objection of affording in many cases numbers too 
lai^e for convenience. Thus, when the atomic weight 
of oxygen equals lOO, the atomic weight of uranium 
becomes about 1494. 

CeTtain prsctical uhjectinns hsvc been ui^ed recenlly ogsiost the on- 
ploymenl of the alum of hydrogen u the unit with the atomic weight. 

Thus it is very dtRicull to decide upon the eiiacl nlio of the weight 
the hydrc^en atom to that of the oxygen atom. A number of ratio* h«i 
been obtained u ■ result of extremely careful investigation. Tliia it 
Ikcii placed as low as H :0: ; 1 : 15.S69, nad as high a* K;0: ; I : 
But since oxygen is the starting-point foi the determinatioD of the 
weights of a great many other elements, any error in the adopted 
of H:0 is tranirerred (o nearly all the other atomic wcighu. Thus, 
O = 15.869, then the atomic weight of oraniuin = 237.14. If O = l64>tc^ 
the atomic weight of uranium = 239.2S. 

To avoid this diHicuIty it has been progkosed, while using hydrogen 
the nominal basis of the system, to use oxygen as the practical loiii 
call the atomic weight of oxygen 16, and then to hereafker determine 
the exact atomic weight of hydrogen is. At present it would be a 
1.00251 but it loigbt be expected to be slightly modiiied from time to 
as the ratio of the combining portions of oxygen and hydrogen is deter- 
mined with greater and greater exactness. Meanwhile, changes in Ibis 
ratio would not necessarily alter the entire scheme of atomic weights. 

This proposition, to adopt oxygen with atomic weight 16 
received the approval of many eminent chemists. 



time^* 



SECOND STEP: SELECTION OF THE COMI-OUNDS AND 
THE PKOCESSES TO BE EMPLOYED. 

In a certain sense every chemical compound (ani 
every chemical process) is capable of contributing som 
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thing to the knowledge of atomic weights ; and. in fact, 
the study of a large number of them is necessary. But 
certain ones are far more serviceable than others. 

The compounds must be selected, then, with definite 
principles in mind, and they should conform to as many 
s possible of the following requisites : — 
I. They should be .such as can be prepared in a form 
possessing a high degree of purity. 

Moreover, in purifying the materials used for analysis 

the so-called " fractional " methods should be employed. 

As many different compounds as practicable should 

\ be tested. This helps the analyst to avoid " constant " 

sources of error. 

They should be such as are capable of having their 
composition determined with a high degree of exactness. 
With this in view the analyses should require as simple 
I processes as possible. 

" Improvements mnde of late in manipuUtive methods antl apparatus 

re tended to reduce very much Ibe niagnituJe of what are caoimonly 

I called ' fortoiloiis ' errun in quanlitativi; delerminBtioni of matter, and to 

c greatly Ihc accuracy. No one nowadays would undcitake the 

determinatioD of an Blomic weight of one of the beller-known elements 

■rithoul taking such elaborate precautions as must praclicall]' insure pretty 

cloM concordance of resulli when obtained by the same melhiid applied 

ia the same hands. Bui such mere cluse agieemenl is not alone sufficient." 

4. They should be such as possess a molecular con- 
dition that is simple and can be distinctly ascertained. 

Thus it is well to employ compounds 0/ only two 
elements. Again, if a given pair of elements forms a 
series of compounds, that one containing the smallest 
amount of the element under consideration is most 
likely to contain one atom of it 

Again, compounds that are gaseous at ordinary lem- 
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peratures or that can be easily vaporized, are e 
(Sec p. 37.) 

5. Ill reactions depended upon, only such other 
elements should be concerned as may be counted 
among those of which the atomic weights are already 
known with the nearest approach to exactness. 



e piercrrcd wbcn Ihey *n 
ftdopled >* the task of Ibc 
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Thm, (fl) Compounds with hydrogen 
practicable; Tor hj'drugca has genCTally be 
syatetn, and so involves little or do eiroc. 

Indeed, there are four compounds of hydrogen so well suHcd 
purpose that tbcy have been called the type compounds of 

>Iydrochloric acid (hydrogen and chlorine); 

Water {hydrogen and oiygen); 

Ammonia gas (hydrogen and nitrogen); 

Marsh gas (hydrogen and carhun). 

(i) In case hydrogen compounds are impracticable, then the 
pounds selected should, if possible, be loch as contain certain itonu 
have been compared directly and quantitatively with hydrogen. 

The majority of the elements do not fotjn hydrogen compoandi^ 
that, in fact, recourse is oftener had to oxygen compuundl and chlotioe 
compounds. All the elements (except fluorine, and that coroluDet 
with hydrogen) form oxides, and onygen itself has been compared with 
hydrogen with a high degree of accuracy. Again, chlorine combines 
\vith a great many metals, and the atomic weight of chlorine has been 
accurately dclcrmined. 

If oxygen is adopted (with the number 16) a* the baaii of the syslen, 
then compounds of oxygen will be selected, even in preference to com. 
pounds of hydrogen. 

6. Further, it is desirable that as few other elements 
as possible — the assumed atomic weights of which will 
have to be taken into account — shall be involved in 
each single reaction depended upon. 

7, In selecting different processes to be applied to 
the determination of the atomic weight of a given 
element, it is desirable that not the same, but as many 
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different other elements as possible, shall be concerned 
in the several reactions. 

Stady of the Reactions. — Careful preliminary study is required 
as to the general effect of each reaction involved, and as to how it 
may be influenced by the conditions of the experiment. For it has been 
learned more and more of late that many reactions — perhaps it should 
rather be said all reactions — which have^en generally supposed to be of 
the simplest nature, are, in reality, complex. 

As many different and independent processes as can be devised 
(reasonably free from apparent sources of error) should be employed. 

Each process employed should be as simple as possible, both in the 
kind of chemical changes involved as well as in liability to manipulative 
errors. 

Comparison of Results. — In comparison of results, careful con- 
sideration should be given as to the probable influence of each kind of 
experiment; i.e, whether it tends on the whole to yield higher results or 
lower results than the truth.^ 

1 Mallet, J. W., American Chemical Journal, xii. 8a. 
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This stage is a very extended one. It involves, in 
fact, all the experimental work done and recorded — up 
to the time of forming conclusions. Now chemical 
work has been done — varying in extent and accuracy 
— upon nearly if not all substances known to civilized 
nations. But of course, for the purpose of this discus- 
sion, only a few of the results can be referred to. 



A STUDY OF CHLORINE AND 1TB AFFILIATED ELEMENTS. 
BROMINE AND IODINE (ALSO SODIUM, POTASSIUM, AND 

(a) OraTimBtrio Composition of CATtaiu Compounda. — ' 
Experimental Fuels. A study of certain compounds of 
chlorine, bromine, and ioiline has afforded a series t 
facts which are stated in the following table: — 
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FIRST TABLE. 

APPROXIMATB PERCENTAOE CoMTOSlTlUN OF TWEI.VE CoMPOUNtlS. — 

Experimental Results. 



Itiidt n/ffyJrcgm. 
Hydrogen, .79 p. ct. 
Iodine, 99.21 " 



Ckioridt Bf HyA^i^n. Bromidi ef IfydregtH. 
Hydrogen, 3.75 p. cL Hydrogen, t.14 p. cl. 
Chkiriiic, 97.15 " Bromine, 98.76 " 



CUeridi c/ Sodium. 


BremiJ. 


Sodium. 39.38 pel. 


Sodium. 


Chlorine, 60.61 " 


Bromine. 



I ahridt of pBlatiium. Bromide of Polauium. Fodide of Palauium. 
\ FottMium, 51.43 p. ct. Puuuiuu, 31.S3 p. ct. Potassium, 33.5; p. <: 
-ine, 47.58 " Bromine, 67.17 " Iodine, 7645 " 



Ckioridt ofSilvtr. Bromidi of Sihicr. 

75.16 p. d. saver, 57^4 p. ct. 

14.74 " Bromin«, 41.56 " 



Experimental RemlU of the Flnt Table atated dUteraatly. 

— A con«idcr>[iun of the diiecl results given in Table i leads to the detec- 
tion of the following facts: — 
I. Tbe numbers fall into leriea. 

1. In each of the series of chlorides, bromides, ■□<] iodidei, the 
cbloHne is smaller in amount than the bromine, and the bromine is 
^MUtllcr in amount than the iodine. 

I 3, When the amounts of hydrogen, sodium, potassium, and silver are 
compared, it is seen that their quantities are in the order staled; hydrogen 
being in smallest amount, and silver in largest. 

4. If the three hydrogen compound* are compared on the basis of one 
part of hydrogen, the hydrogen series of compounds shows the following 
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SECOND TABLE. 


^ 


HyntOGEN COMPOI'NDS.— EXPEBIMBtfTAL ReSKLIS. ^^| 


HydraMorii Acid. 


IMrohrsmu Acid. 


//ydri,^ vl^^H 


Chlorine, 35-4 
364 


IlydroRen. I. 

Bromine, 79.8 

S0.8 


Hydnigen. t. ^^H 
Iodine, 116A ^H 


5. If trial is made wilh Ihe numlwirs oblained i 
chlorine. 79.8 for bromine, and Ii6.6 for iodine) ii 


n T.ble 1 (»ir. 354 In 

results arc ofiUined : — 




THIRD TAHLE. 


_ 


Sodium C< 


IMPUUNDS.— EXI-luRlUBNTAI 


M 


Sodic Chioridi. 


Sedic Brfmide. 


.Wkc ^,Ad!r. ^H 


■ Sodium. IJ. 
Chlorine. 354 


Sodium. aj. 

Bromine, 79,8 

10S.8 

HJURTH TABLE. 


Soilium, 3J. ^1 
Iodine, llU^H 

1 


PuTASSHtM ClIMPOl'NDS. — EWRWMENTAL RESULTS. ^^| 


Peloilie Chloridt. 


PMssU Bremidi. 


/W<u.,V /a,AW!t ^H 


Potassium. 39. 
m Chlorine, 35.4 


Potusium. 39. 
Bromine. 79.8 


Potassium. 39. ^H 
Iodine. II6.6 ^H 


I 


118.8 
FIFTH TABLE. 


1 


^1 S[i.veit a 


>mp(h;nds.— ExPEftmENTAL Results. ^^| 


^B Argenlir Chloride. 


ArgfHtit Bromide. 


Argt.Uil /«Ad>. ^H 


■ Silver. 107.7 
^B Chlorine, 35.4 


Silver, 107.7 
Bromine, 79,8 

'8^5 


I.Kline, l^^^M 
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The results are brought together in the following 
table : — 

SIXTH TABLE. 

EXPKRIMKNTAL RKSULTS. 



Chlorides. 


Bromides. 


rr. 


Iodides. 


Hydric Chloride, 


Hydric Bromitx 


Hydric Iodide. 


Per cent. 
Hydrogen, 3.75 
Chlorine, 97*25 

100.00 


Ratio. 

X. 

35-4 
36.4 


Per cent. 
Hydrogen, 1.24 
Bromine, 98.76 

100.00 


Ratio. 
I. 

79.8 

80.8 


Per cent. 
Hydrogen, .79 
Iodine, 99-2i 

100.00 


Ratio. 

I. 
126.6 

127.6 


Sadie Chloride. 


Sodic Dromide. 


Sodic Iodide. 


Per cent. 
Sodium, 39.38 
Chlorine, 60.62 


Ratio. 

23* 

35-4 
58.4 


Per cent. 
Sodium, 22.37 
Bromine, 77.63 

100.00 


Ratio. 

23- 
79.8 

102.8 


Per cent. 
Sodium, 15*37 
Iodine, 84.63 


Ratio. 

23- 
126.6 


100.00 


100.00 149.6 


Potassic Chloride. 


Potassic Bromic 


V. 


Potassic Iodide. 


Per cent. 
Potassium, 52.43 
Chlorine, 47*58 


Ratio. 

39- 
35-4 

74-4 


Per cent. 
Potassium, 32.83 
Bromine, 67.17 


Ratio. 

39- 
79.8 

X18.8 


Per cent. 
Potassium, 23.55 
Iodine, 7^*45 

100.00 


Ratio. 

39- 
X26.6 


100.00 


100.00 


165.6 


A rgentie Chloride, 


A rgeniic Bromii 


ie. 

Ratio. 

107.7 

79.8 

187.5 


Argentic Iodide 


• 


Per cent. 
Silver, 75*26 
Chlorine, 24.74 


Ratio. 
107.7 

35.4 
143- 1 


Per cent. 
Silver, 57.44 
Bromine, 42.56 


Per cent. 
SUvcr, 45.97 
Iodine, 54.03 

100.00 


Ratio. 

X07.7 

X36.6 


100.00 


xoo.oo 


934*3 
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fHfrremt I, — EvHetitly, then, the ruUowing numhen have loia 

|h>rlant fundamental aicnning: — 

Numbers Worth v or Cohsidkration. 

Hrdcogen, H, Bdoptcdu I. 

{Chlorine, tl. round to be 354 

Btomine, Br, " " " 79,8 

Iodine, I, " ~ .i I](^ 

{Sodium, N«. " " " 13, 
PoUMium, K, " " " 39. 
Silver, Ag, " '■ " 107.7 

(It may be nutud here, at a fad, that sulMcqueol Mudy and comparison 
of all rnulU accessible confirm the opinion that the«: nainbai an impoi- 
lant, and are probably atomic weights.) 

In/erenee 1. — These results give the fnUouing as inulcfular weights; — 

Ilyilrochloric acid , . . . . 36.4 

.Sodic chloride 584 

Potassic chloiMc • . , . T4-4 

Argentic chloride , . . 143.1 

Hydrobromii: acid ....... 80.8 

Sodic bromide lol.S 

Potassic bromide . , . . . .1 1S.8 

Argentic bromide '^7.5 

Hydriudic acid \*jA 

5o<lic iodide I49'6 

Potassic iodide 165.6 

Argentic iodide 134,3 

It^erenti 3. — These results suggest Ibc following fonnulai: — 
Ha n Itr II 1 

Na a Nb Br Na 1 

K a K Br K I 

Ac a Ag Br Ag I 



CMAFTl'R XXI, 
ATOBQC WEIGHT (.conUnuetl). 



I 



(d) TliB DsoBitT of Ceitoln Blementaiy Gfuea and 
^t.^on. — Experimental Fact i. When chlorine gas is 
weighed it is found to weigh, volume for volume, about 
35-4 times as much as hydrogen. Hydrogen is usually 
taken as a standard of comparison fur weight of gases. 

The number 35.4 is called the diiisi/y of chlorine gas. 

Experimental Fact 2. — A similar experiment is tried 
with bromine vapor. Its vapor density is found to be 
about 79.9. 

Experimental Fact 3. — A similar experiment is tried 
with iodine vapor. Its vapor density is found to be 
about 127. 

Inftrmtt \. — Ccftaia nunibcri ate obtKiDcd Ihat ate worthy of atlen- 
I tion. Evidently their Mmilarity to the numbera already obtained arc not 
lerc cainddenceE. 

InfireHcr 3, — The demity of an elementaiy gaseous substance at once 

ivei lis atomic weight. 

iHfertnit 3, — The gascou» Mate b a very favorable one tor Mudy in 

I this connection: in lliis stale bodies appear to be in a surl of eijualjty of 

I condition that favors thvir comparison with each other from the point, )>er- 

■ faapa, of even other ri-lationh than alumic weight niercly. 

(c) The Volume Compoaitioii. — Experimental Fact. 
■When hydrochloric acid gas is tested, it is found that 
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two volumes of the gas yield by decomposition one vol- 
uino of hydrogen gas and one volume of chlorine gas. 

/H/o-rfKf I. — Thinustaio* the view nssunio) in the preceilin|; ttudy. 

thai ihe compound called hydrochloriL aLi<l cunsiad of (iqc atiim urh^-dm- 
gen and one alom of cbloiinc. (Of cuurac il a possible thai tlie voIbbk 




coRipoaition merely leadies thai the number of alomi tif hydrogen and "S 
cliloiine are equal; that the formula is HCI or H,a, or 11,0, ot H,C1.. 
Until further infarmatiun is secuieil, chfniisli assume ihv truth of the sini- 
pleat expression. Further information is not in fact wanting, for suhec- 
(|uent stud)' strongly sustains the view that the formula ii indeed HQ, and 
no other. See p. 318.) 

KxfitrimtHlal /•'acts. — Similar results for hyilrobrumic acid and hjA 
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die acid lerve to confirm the figures already accepted foe bromine ■nd 

Inftrenet 3. — Tbesc fncts susliin all the infeccnccs previuusi; rescbed. 



I 

I 




(</) The Vapor DeoBity of Certain Compound BnbBtonoea, 
^—Experimental Facts. The vapor density of hydro- 
chloric acid gas is found experimentally to be about i8. 
This means that a given volume of hydrochloric acid 
gas weighs i8 limes as much as the same volume of 
hydrogen gas. 
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Evidently there exists a very simple relation between 
the number representing the density of hydrochloric 
acid gas and the number already adopted as its molec- 
ular weight ; i.e. : — ^| 
i8 : 36 :: t : 2 m 

•cighl of ■ 



iHfcTfHit I. — Perhaps in case of .ithei 
compound iK^j/nxiri Ihe rapur ilcosily ui<] 
moleculBF weight are connected lij' the umc 
iLm|>le TcUtion. Perhaps, as a lule, the 
muleculoi weight (whieh is, rrom its nalntc. 
difficult lo ilctenniDe) may be ubiaincil by 
multiplying liy 2 Ihe vftpor ilciuily (which 
in many cases il is easy lu lietcrmine). (Bj 
lubserjucnt experiment this principle ap|>cars 
to be sustained, and the inference is accojitcd 
as a just une.) 

InfertHft 2. — Perhapa, in case uf rlrm/m- 
lary mhstanm, the vapur cicnnly and molci- 
utar wieight are in the raliii abuve suggcsleili 
that is 1:3. (Bysubiequeni eipctimeni this 
principle appears to be well gruunilc-I, and 
the inference is accepteii as a just one-) A 
remarkable result followi. 
fintto- The vapor denaly of chlorine gas is fnnnd 

^'*'."" experimentally lo be 35^; then the molec- 
r^iW "■»* weight U 35.4 >: 2= 70.8, If. then, 
the molecular weight is 70.S (and the atnniic 
weight is 35.4)i then the number of atoms 
and the molecular formula of chlorine is CI,. 
un is a vury important one. By subteijucnt eiperi- 
' sustained with respect lo must of the ek-mcnta capa- 
form uf gas or vapor. See p, 249.) 



ie) The Sp«c:i&c Heats of Elsments. — Dffinition. The 

specific heat i>f a sulist.ince is the amount of heat neces- 
sary to raise one unit of weight of the substance oac 




in the molecules is 

(111 is generally 

ment it appears to 

bic of existing in tli 
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degree of temperature. Water has a high specific heat, 
and as it is usually taken as the standard, the specific 
heats of most other substances are expressed by decimal 
fractions. {See p. 46.) 

Experimenlal Facts. — DuUmg and Petit made a great 
many experimenlal determinations of the specific heats 
of solid substances. (It is more difficult with liquids 
and gases.) In case of elementary solids, whose atomic 




twIWrcupan Ihe weight of 
■tited by (be buliince. 



reights had been previouslydetermined by other methods, 
|lhey found that apparently the higher the atomic weight, 
;he lower the specific heat. 

Iiifrrmcf. — They ihcn cnuncuted ihc following law, nowcallcd the law 
of Dulong and Pclil : — 

7%t ifitfi/U itafi 0/ ttlid element] ate inveritly preferlioHal la their 
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The Uw is likewise expressed in the following proportion : — 
Spccilic heat of A : Specific heat of B : : Atomic weight of B : Ati 
weight of A. 
This proportion also diKloaea the follosting bet: The product of 
ipccitic heat of any aolici element by it» atomic weight is ■ conM 
namlier. 

is found to be about 6. 3, 

Again, the constant 6.} diiided by the 
S])ecilic heat of a sulid element yields as i 
■■ — ■ ''■ - atomic weight of the clemenL 





Bunscn'i methnil of ilctermining specific heals of aubitinces may be 
explained by reference lo Figs. II7 and I18. 5' is a glass tube carefully 
graduated or ealiiiratcd. D 14 an iron rescti'oir containing mercury; the 
latter extends from the line $ through the tulie C up into [he tube S. Th^ 
space 3 is filled with water. .4 is at Drsl empty. In using the app«r 
intensely cold alcohol is passed in a current through the tube /f by m 
the apparatus, Fig. 1 28. In due time the water in ff is froien compktd 
The cold alcohol is then withdrawn. Next the entire apparatus is placcdS 
melting snow or ice lo bring the whole to zero centigrade. . Next the p 
lion of the summit of the mercury column in the tube JT is carefully a> 
Now one gramme of water at too" C. is placed in the tut>e A. Tttc w 
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' 'nells 1 certain portion of the ice in B. Thereupon contriclion t*ke» 
place, ai is indicated by the rise of mercury in B and Ihc fall of mercury 
in J>. The point to which the sununit of the mercury column in JT now 
tclracts ii observed. The distance this summit has traversed correspond) 
to [he specilic heat of water. .Subsequently the subaiance (o be tested is 
raised to the temperature uf loo° C. Then one gramme of it is placed in 
the lube A. Thereupon it melts another portion of ice. Furtlier retrac- 
tion of mercury takes place. The amount of such relraclion being meas- 
ured and compared with the retraction due to one gramme uf water, gives 
diicctly the specific heat of the substance in question. 

SpecMo Heats ol Compotmd*. — Hie specilic heats of many seliJ 
cemfeanits have been detcrroincil. In a few cases they are in general 
harmony with the law of Dutung and Petit; in many cases they arc not. 
In iome cases the specitic heat of a sulid compound containing two atoms, 
and having a given molecular weight, ajipcars la be twice as great as that 
of a single elementary subsunce of Ihc same atomic weight; and the 
ipecihc heat of a sulid compound of three atoms appears to be three 
limes as great as that of a mere element whose atomic weight equals 
the molecular weight of the compound. This teems lo show that when 
a conpuand body is healed, the rise of temperature is assoi^ialed with a 
motion of each dilferent atom in the molecule, and not merely with that of 
the molecule as a whole. 

While, then. It requires a certain amount of heat to imparl lo an 
elementary substance an amount of motion suflicicnt lo prixtuce a certain 
change of temperature, in case of a compound body with the same molec- 
ular weight more heat is required lo imjiart lo it the amount of motion 
Ihal allords the same temperature as thai already aupposed, — twice as 
much heat is required for compounds of two atoms, and three time! as 
_ Aiuch heat for compounds of three atom*. 

H Atomic Beats or Elemeuta. — The constant 6.3 is often 
^tailed the atomic heat of an element. The significance 
of this expression may be explained as follows : Upon 
taking one unit of weight of each tif several elementary 
substances, and then applying equal amounts of heat to 
each of them, it is observed that the temperature rises 
to dififercnt degrees in the different cases. 




Suppose, howevc 
upon, say — 



ATOMIC WEIGHT. 



different weights of the substuicn i 






it is then found that eqaul amounU of heal added to these several u 
by weight produce in all the same advances of tempcnluic. Evidentlf, 
then, equal amounts of heal applied to single atoms of these substance* irill 
produce the same advances of tempetatucc. This explains ihc statement 
that the atutnic heats of the elements are the same. 

Special Cases. — Indirect Determination of Specific 
Heats. In cases of certain elements the specific heat 
cannot readily be determined directly. This is especially 
true of the gaseous elements, as hydrogen, fluorine, 
chlorine, oxygen, nitrogen. But indirect methods have 
been devised. (In case of certain solid elements, as car- 
bon, boron, and silicon, the specific heats are abnormal. 
This is supposed to be due to the tendency of these 
elements to assume allotropic modifications.) 

Indiral Mf^od for Chlerini. — The specific heat of argentic cUoride 
has been learned experimentally. It is .0S9, Now by independent 
methods the molecalai weight of the compound is found to be 143.1, and 
it is found to consist of two atoms. — one of ulver and one of chlorine. 
Multiplying the molecular weight by the specilic heat (143. i X .oSy), the 
molecular heat 13.7 is obtained. Subtracting (rom this numtwr Ihc Uoroic 
heat of silver. 6.1 (as experimentally obtained), there remains 6.6 as the 
atomic heat of chlorine indirectly dctcnnined. 

Many other similar indirect determinations for chlorine have been 
made; generally speaking, they yield the number 6.4. 

Indirtrl Melhpd fi-r Cttrbon. — The specific heat of carbon hexacUi^Je 
(C^C\) has been learned experimentally. It is .177. By indepcndcM 
methods, its molecular weight ii found to be 236.4, and it is found lo o 
ust of eight atoms ss stated. Multiplying the molecular weight by d 
tpecific heat (IJ6.4 y .177), the molecular heat, 41.8, is obtained. 
tricting from this number six limes the atomic heat of cUoritM (6x6 
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38^) (41-8 - 3S4 - 3-4). there icniaiiii 34, which is twice Ihe itomic 
heal oi cuboD. By this mcBiia the atomic hot of carbon is 1 .7 indirectly 
determined. 

Other similar indirect determinations have given tbe utumic heal of 
carbon, in combination, as about z. 

Specific Heat of Bromlna. — Experimental Fad. The 
specific heat of solid bromine has been found by direct 
experiment ; it is .08432. Applying the law of Dulong 
and Petit, i.e. dividing .08432 into the constant 6.3, and 
there results the quotient 75. 

fn/erence. — The atomic weight of bromine is nearl)' 75. 

But the studies of bromine already referred lo (pp. 404 and 209) show 
thai Ihe combining number is about 79,8. Its atomic weight is probably 
either 79,8, or i x 79.8, or 3 x 79.8, or h y 79,8. Now, as his been said 
before, while the apeciiic heat does not give the eiacl atomic wcighl, it 
enahtes us to decide that 79.S, and not some multiple (or fraction) of It, 
■hould be accepted. 

Bpaoi£o Haat of Iodine. — Experimental Faet. The 
Specific heat of solid iodine has been found by direct 
experiment to be .0541. Applying the law of Dulong 

6.3 

and Petit, -— - = about 1 16. 

,0541 

In/ertntt. — The atomic weight of ioiline is about 1 1 6. 
But the results previously and otherwise obtainetl point lo 126.6. Evi- 
dently the spedlic heal conlirms this selection. 

Speclflo Heat of Sodium. — Experimental Fact. The 
specific heat of sodium is found directly to be .293. 
«-3 , . 



Infrren<i. — The atomic weight of so<linm is about 11. 
But results pri'viuusly and olhcmise obtaineit have given the number 
Evideutty the ipeciBv heat coDtimu lhi> selection. 




Sp«oifiQ Heat of PotaBsium. — Experimenfal Fact. 
sfwcific heat of potassium is found directly to be.l66. 

WfiUf 3 — ciT-,ni.f ■)» 



Infirinii, — The Btomic weight oi pottuuiiun U about 38. 
But results previously ant) otherwise obtaiDCd hare given I 
39. Evidently the specific heal confimis this selecliun. 

Speoifio Heat of SilTer. — Experimental Fact. Tlu 
specific heat of silver is found directly to be .<i^j\ 

6.3 
Now — - = about III. 

Infrrrncf. — The alomic weight of silver is about III. 
But results pcevioustj aatl otherwise obtained have gjven the d 
107.7. Evideotty the qxcitic heat conlirms this selection. 

o«aeral Inferenoe. — If now reference is made to tbl 
provisional table presented on p. 208, it is seen that tbl 
numbers there given secure marked confirmation frofti 
the experiments subsequently detailed. 

They are repeated here as — 



SEVENTH TABLE. 
Well-establish BD Atomic Wkiuhts. 



Atomic weight 


of hydrogen adop 


ed as . . 


I- J 




" chlorine found to be . . 


- - iSm 




" bromine 






" 


" iodine 




. . iz«^ 


" 


" sodium 




. . 23.0 


" 


" potassium ' 




. . 39-0 


" 


•' silver 




■ • 'o7Zj 



ATOMIC WEIGHT. 



A STUDY OF OXYGEN AND SOME OF ITS COMPOUNDS. 

The study of chlorine and its affiiiated elements has 
afforded a considerable number of suggestions. These 
may well be applied to other elements. Oxygen may 
well be studied first, because of its great importance in 
this as well as other relations. 

(a) Experimental Fact. — The density of oxygen gas 
is about i6. 



/»Ar, 



reight uf oxygen is about i6. 



^1 (6) Bxperimeutal Taot. — The volume composition of 
^nrater vapor is as follows : two volumes of hydrogen and 
Bime volume of oxygen. 

I /-. 
■ ^% 

^K (c) Bxperimenta] Pact. — The vapor ilcnsity of water 
" vapor is about 9, 

InferiHti. — The molecular weight of water is about 9 X 2 = about iS. 
Ttii* inference is Imsed on results obtained under chlorine. It iiutains 
icwi already arloptcd in this aection. 



JmftrtHct t. — The formula of water is H,0 (see pp. ad ami M9). 
Infirmet i. — The molecular weight of water i;> about 2 4- 16 ^ |3. 



(d) XUperimental Fact. — Gravimetric analysis shows 
bbat water is made up as follows : — 



Hydrogen 
Oxygen 



I parts by weight. 



L The ratios are as l : 8 or 2 : 16. 



lTomic weight. 



Infirence. — These facts add support to the views preTiondji moceple^ 
and contribute grestly li> create uuiilidcnce in thv general pnDcifdt* M 
well as Ihc numetical resulta adopted. 



(f) Experimental Facts. — Oxygen forms compounds 
with sodium, potassium, and silver, having the composi- 
tion given in the folhiwing table. (As a matter of fact 
it forms many others, but this set is selected as afFoi 
ing a strict continuity to the argument.) 
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Pehcentaoe Basis. 


Sodium 


and Oxygen. 


Pol,issium and OxygiK 




Pc> cents. 


Pciccud 


SodlulD, 


74-'9 


PolasaitiQi, 81.9: 


Oxygen, 


2S.8. 


Oxygen, 17.0 



Sih'tr 'ind Oiygrn. 



If now the results of the eighth table are computi 
on another basis, i.e., using the atomic weights accepti 
for sodium 23, for potassium 39, and for silver 107. 
there is afforded a new table. Its results are surprising, 
but they present a strict statement of /acts — in a 
special form merely. 

NINTH TABLE. 
Atomic Weight Basis. 



93-09 

lute^H 
iptecH 
07 7M 



sodium and OxygtH. 



2nd OxygfH. Silvfr and Oxygti 



Imfertntt. — Either the slnmic weight of oxygen is 8 instead of l6i 
if il if indeed 16, then the «Iamic weight* Bccepted for •wliiun, p 
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■d silvtt are only one-half what Ihi-ji should be; or elsr Ike lompoiiHiii 
ivt Ihi /armtUoi Na,(J, 1C,II, Ag,0, respectively, lliii lallei supposiliun 
liifics all the fureginne faels (and many other*) »o well, that it has been 
uvenally adopted, and with it the atomic weight l6 (ot Iheteabuuti) for 
ttxygcn. 

On this view the following table may be arranged. 
It is, as to HHmcrical relations, a strict statement of 
experimental facts. 

TENTH TABLE. 
New FoKMiTLAS. 
K,. 39X1 = 78 Agp 107.7x2= 21S4 



»•„ 3JX3 

o. 



O, 



Infirtntti from iht Ttnth TabU. ■ 
nted, Ihe following two groups of Torn 



a fatu already prc- 

I atcepled : — 



Hydrochloric acid. 


HQ 


Hydrogen oxid 


HydrobtODiic acid. 


HBt 




Hydriodic acid, 


HI 




Sodic chloride. 


NaQ 


Sodic oxide. 


Soilic bromide, 


NaBr 




Sodic iodide. 


Nal 




PolUBc chloride, 


KCI 


I'otaisie oxide, 


FoU«»c bromide. 


KlJr 




PoUHic iodide, 


KI 




Atgentic chloride. 


Aga 


Argentic oxide 


Argentic bromide. 


AgUt 




Argentic iodide. 


Agl 





An inqwclion of these formulas recalls the striking and very impor 
ggestion thai oxygen possesses a liifffrtM hhih. 



t, hromine, and iodint, 1 



I only in that it has a diflercn 



n tbeira, but. further, in this, thai while chlor 



:, bromine, and ioiline 



line with bydiogen. 
if oxygen is c 
ts in qaeslioa. 



satisfied when it combines with two 
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Tbii fact it emphaiiied by a gml many olha compDotidi, — 
so th»l oxygen is called b djyaii, and the otbei clemenls mcDtioned in 
oJleil monadi. Further, an atom of oxygen is said lo have two poinh of 
altractioD, while an atom o% hydrogen (aod one aloin of each of the olha 
sulislancea mentioned) is said to have one point of attraction. 

Yet farther, the property of the elementary atoms by virtue of which 
they attract difTcrent numbers of atoms is called tquivaU^Ht at v-tima. 
And an atom of hydrogen is accepted as the unit of valence. (See p. z 



A STUDY OF SULPHUR AND SOME OF ITS COHPOUNl 

Sulphur may be discussed very much as oxygen 1 
been. 

(a) Bxperimental Fact. — The density of sulphur v 
is found to be about 32.2. 

Infertitet. — Tbs atomic weight uf sulphur is alioul 3^ 

{b) EzpcrimenUl Fact. — Sulphuretted hydrogen j 
is found to be composed of hydrogen and sulphur, i 

to have the density about 17.2. 

tnfirenii I. — lis molecular weight is 34. 
Infirinte 3. — It is probably made up of one atom of sulphur 
31, and two atoms of hydrogen weighing 2. 
Infermci 3. — Its formula is probably H,S. 

(c) Experimental Fact. — Sulphuretted hydrogen \ 
has been found to have the percentage composition :< 
Hydrogen . . . 5.88 parts by weight. 
Sulphur .... 94-12 " " 

Total .... Too 
The ratios of these numbers arc evidently as l 
or as 2 : 32. 



Inference. — These fatls sustain the views alrtad)' pm 
coroposilion o( sulphuretted hydcogen, and thai the ni 
sulphur is J2, 



\ 
I 



{d) Expeiimeiital Fact. - 
IS been found to be .188, 



■The specific heat of sulphui 



Ezpertmental Fact. — The most exact determinations 
of the atomic weight of sulphur have been based upon 
its combination with silver. The composition of sul- 
kphide of silver has been learned by experiment to be — 

Silver 87.07 per cent. 

Sulphur 12-93 " 

100. 

Inffrenti 1. — If the stQmic weight ptcviously found for silver is loy.7, 
then the atutnic wciglil of sulphur is 16, or some multiple ai it. But the 
esults already stiled suggesl Ihc number 31 u Ihe proper atomic weight 
If this view it aqcepted, the following inference may be obtained. 
tH/trente z. — llie formula of sulphide of silver is Ag,S. Then — 



The molecuiar weight of Ag,: 

The atomic weight of S ; 



SIS-. 



(87.07 per c< 
{12.93 P" C 



nt) 



I 



2474 (loo. per C( 



Inftrentt 3. — From these results sulphur is placed in the class ol 
US oiygen was. The notion of valence already reached is therefc 
lained by the studies uf sulphur above described. 

lufettHct 4. — As previously intiiaatcd, it has been learned that 
htorine, bromine, iodine, sodium, potassiun 
c one, and certain elements — oxygen, su]| 



B the eijuivslence hiia. The suggcBtioi 
n etemeiits have Ibc equivalence three i 



ucally a 



ir bdeed higher nun- 
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bers yet. It may be added that this suggestion is amply sustained by 
facts, some of which will be presented soon. The general notion of 
valence is adopted as a fundamental fact of chemistry. 

Note. By gravimetric analysis of binary compounds 
containing on the one hand elements whose atomic 
weights have been provisionally adopted as just de- 
scribed, and on the other hand other elements, atomic 
weights of these latter elements may be secured — sub- 
ject, of course, to revision in the light of additional facts 
such as have been already presented. 




CHAPTER XXII. 



ATOMIC WEIGHT {continued). 



The preceding chapters on atomic weights have suf- 
ficed to show how a few of these important constants 
can be secured. The discussion has called attention to 
certain methods pursued and certain precepts accepted. 

Of course, when the atomic weight of a substance 
is determined by a sufficient number of independent 
methods, such weight may be used in fixing the molecu- 
lar formula of compounds of the element. 

On the other hand, it is a fact of deeper significance 
I that when the molecular formula of a compound can be 
determined by independent methods, this formula may 
be of great service in securing atomic weights of ele- 
ments, or in confirming those already secured. Every 
I effort is made, therefore, to determine molecular formulas 
of elements and compounds. 



I. 



In illustration, the four type-compounds of modern 
I chemistry may be referred to — 
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Hydroobloric Add. — First Fact. Hydrochloric acid 

consists of hydrogen and chlorine, and nothing else. 

Second Fact. — Hydrochloric acid is a gas. 

Third Fact. — Two volumes of hydrochloric acid gas 
yield by decomposition one volume of hydrogen and one 
volume of chlorine. 



Infirmci.— lW 
foUowing fonnuks : - 



molecule ul hydcuchloili 



H,C1, 



I 



I 



On a previnus page ceitoin resKiDa have been aasJEned for adoptins 
furmula HCl. Vet other reasons will be auigned bcrcntter. (See p. 

Fourth Fact. — Hydrogen and chlorine do not f< 
any compound but this one, called hydrochloric acid. 

Inference. — Hydrochloric add ia the simplest possible compound of Ihe 
elements hydrogen and chlorine. Therefore it is a compound containing 
one atom or each. 

Note. This inference is not a particularly valid one, but it natural]; 
arises in cases of a single compound of Vno elementary sulHtancet. 

In some cases it is distinctly misleading. Thus, previous to the recog- 
nition o( hydrogen dioxide, but one compound of hydrogen and oxygen 
was known; viz. water. On this gcnecal ground the formula HO vros 
adopted. Subsefjuently the volume relations and other considerations 
(some of them slated in this chapter) have led to the adoption of the 
fonnula H,0. 

Water. — First Fact. Water consists of hydrogen a 
oxygen, and nothing else. 

Second Fact. — Water may be changed into a va] 
and experimented upon in that form. 

Third Fact. — Two volumes of water vapor yield, 1 



decomposition, two volumes of hydrogen gas and ( 
volume of oxygen gas, 

iH/rrtHit. — The formula uf water is probably one of the following: — 
H,0, 
H,0„ 
HA. 

Ht,(i.- 
ISul reasons have been herctufore aUlc^d, (avoring the > 
(ormub is ll.O. Etcrcaftct utber reasons will W statci! for this view. 



Ammonia Oaa. — First Fact. Ammonia gas consists 
of hydrogen and nitrogen, and nothing else. 

Sdcoml Fact. — The substance is a gas. 

Third Fact. — When two volumes of ammonia gas are 
decomposed, they afford one volume of nitrogen gas 
iond three volumes of hydrogen gas. 



Infir, 



— The fonuula for 



« of the foliowiDg:' 



H,N, 
H,N„ 



The simplest fonnula, H,N, may be iccepteil for the present, with the 
lenlion of chniigmg it if facts hereaner discovered demand such change. 



Harsh Om. — First Fact. Marsh gas consists of car- 
bon and hydrogen, and nothing else. 

Second Fact. — The substance is a gas. 

Third Fact. — Two volumes of marsh gas yield, by 
decomposition, four volumes of hydrogen gas. (The 
volume relations of the carbon cannot be stated, since 
arbon cannot be obtained in a state of gas.) 



ATOMIC WEIGHT, 

— The formulft of monh gas is 
H,C, 
H,C,. 

H|,C„ 

H,»L,., 



1 

. preaenl, wilh the ioteB-^^ 



The simplest foimula II,C may be aJopted at present, with 
tion of changing it if facts Bubsequently liiscovered dcmanil such ch»nge. 

(Evidently the fact that caibon is nol olilainablc in a gaMniu (omi 
diminishes, to some extent, cuolideDce in the fonnuU adopted.) 



Hjrdroohloiio Aold. — First Fact. Many chlorides may 
be formed by substituting certain metals for the hydro- 
gen in hydrochloric acid : such are the well-known chlo- 
rides, sodium chloride, potassium chloride, silver chloride. 

Second Fact. — - When such substitutions as those just 
referred to are made, it is found that the ■whole of the 
hydrogen may be replaced by a metal, but no fractional 
part can be. Thus it is not possible to form a chloride 
in which part of the hydrogen has been replaced by 
potassium and part of the hydrogen remains unreplaci 
Replacement must be of llie whole of the hydrogen 
of none at all. 

Inference I. — The amount of hydrogen in hydtochloric acid is Aaa- 
icilly indiviwble. In other words, it is an atom. 

Note, It is true that the chemist cannot so carry out his eipetinienl 
as to work upon a single molecule of hydrochloric acid. The smallot 
(luanlily upon which he can experiment must necessarily contain million! 
uf molecules. But this does not in any way invalidate the conclusions 
just (cached. 

If in a mass of hydrochloric acid containing (say) fout molecilUa 
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hjrdracbWk acid, one- half of Ihe hydrogen were repli(;e<l Uy pxlassimn, 
[here might be * change aomevihal ai inilicited below : — 

/»>rf St«ge. Stianii S(>i^-/. 

Ha. Ha. 

HO, HO. 

Ha Ka. 

Ha KCl. 

In ■ KiMe, however, all the hydrogen in the hydrochloric acid txperi- 
mtHltil ufon has been replaced by jiotauium. Bui the formulas given 
reptcsenl simply an incomplete u|>eratiim. They ilu nul represent a 
mew and liitgit compound containing part hydrogen and part polaaiium. 
InMead, they represent ■ mixlHri of compounds, the one having all its 
hydrogen replaced by potaHium, as already intimated, tlic other having 
none of ill hydrogen yet replaced. 

Hy a process of experiment and reasoning entirely similar to the fore- 
going, it may lie shown that the ikUHnr in hydrochloric acid may lie 
replaceil hy another elemenl \ for example, hromine or iodine. It is found, 
however, thai bromine anil iodine res|>ectively trpUce the whole of Ihe 
chlorine in the hyilrochlorie acid, or none at all. They cannot replace 
the one-half ot one-foucth, not any other fractional part of the chlorine. 

fnftrtntt 3. — The chlorine in the molecule of hydrochloric aciil is 
practically indivisible. That is, it is a single atom. 

Thua it seem* to be proved that (he formula for hydrochloric acid 

it Ha, 

►Wmtat. — First Fact. Many compounds may be formed 
substituting proper metals for the hydrogen in water, 
lus the well-known compounds, potassic oxide, sodic 
idc, may be easily formed. 
Second Fact. — When such substitutions as those just 
referred to are made, it is found that they may be accom- 
plished in two different ways ; i.e. either the whole of the 
hydrogen may be replaced by the potassium and sodium, 
Mpectively, or the half of the hydrogen may be so 
^placed. In ihese cases two entirely different substan- 
B are produced. When the whole of the hydrogen is 
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replaced, the substance called pntassic oxide is prodi 
It contains 78 parts by weight of potassium, and 16 1 
by weight of oxygen. When the half of hydrog< 
replaced, a distinct and well-known compound is 
duced, called potassium hydroxide. It contains 39 | 
by weight of potassium, i part by weight of hydrc 
16 ])arts by weight of oxygen. 

Here, then, it is seen that potassium may replaci 
half of the hydrogen in water or the whole of it. 
the displacement of hydrogen in water is not pes 
ill any other fractional way. 

By a course of experiment and reasoning simili 
that pursued with hydrochloric acid, it may be sb 
that the oxygen of water is not di\ isibic ; in e 
words, is a single atom. 



Inf^. 



I appc 



js that the onc-biir of Ihc hydrogen 
the indivisible purtiun uf bydrugeiii ij. 
appcira that the molecule of water ha 



a molecule of watei 
turn. In ulher words, 
tom« of hydroge... 
Infirtaet i. — It appcus that the proper fi>nnula for 



Aminonia Oaa. — By the use of undoubted fact 
observation and a method of reasoning similar to 
pursued in the two preceding illustrations, it ma; 
shown that the hydrogen of ammonia gas is divi 
into three parts, and that its nitrogen is not divistbl 

Tbiu the inference ii secured that the fonnula for a 



Kuah Oaa. — In similar fashion, marsh gas ma; 
shown to have an amount of hydrogen that is divi 
into four parts and not into any other fractional amoi 
and that its carbon is indivisible. (See p. 16 
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Thns it 19 apparent Ihal the r->rmula II,C should be adopted for 
manh gas. 

The fori-'going discussion has siulHinril an opinion previonsly expreraed 
with n:r«enec to the vaUncc of chlnrine ind onygen; vii. chlorine has 

n made nut la be a monad, oxygen > <lya<l, anil so aXio nitrogen and 

jon reipeclivcly a. triad and a tetrad. 

Many other facts of chemical substitution could be presented to sustain 
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SLATION OF MOLECULAR WEIGHT TO MELTING-POINTS 
OF SOLIDS AND BOILING-POINTS OF LIQUIDS. 

Chemistry as a system cannot be complete until ele- 

tents and compounds can be arranged in orderly lists, 

Rowing regular progression of the various physical and 

^emical properties of the substances. 

Many small groups are recognized where such a prin- 

r«iplc as this is successfully carried out. 

There are certain marked cases of the simultaneous 
advance of molecular weights and boiling-points in the 
CISC of elementary substances. For example note the 
Allowing; — 



ATamf. 


.llomi. iVnght. 


AMffHl..>- Jt'eighl. 


lioihHg-poml. 


Chlorine, 


35-4 


70.8 


- 33-60- c. 


Bromine, 


79.8 


159.6 


59-27° c. 


odine. 


126.6 


2532 


250° c. 


Such advance, 


hauevct. is by no n 


leans uniform. If the list oi eltmen- 


ryr suislani/i be 


arranged in an order commencing with 


that of lowest 


Hnic Wright, an 


tl ending with that 


of highest atomic wi 


light, it wUI be 


Hid that whUe there is a Renctal l< 


cndency toward increi 


ue of melting- 



t (fix moat of the elements are lolid at o 
le !i by no means unifunn or even r^ulai. 



linary temperature), this 
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The bcU with reipcct to (ompound mhlanres >re so onrked, however 
(tiat the chnnct-s arc that the (iri)ct (if airingemeot of elemenu liy atomic 
Wrights is not quite corrccti that some of llic elements in the solid stale 
nmy have a laiger numbei of atunu than olheti; anil *o the proper molcc- 
ulsr weight of elements (at present in must cases unknown) may be at 
present recognised only in those few that can be given in regular oidcr of 
ineltiog- point!. 

Here is a group showing such progress : — I 

Name. Formula. Moltcular Wtiskl. BoiUHg-pKiM.^ 

Sulphur dioxide, SOj 64 - 10° C. 

Sulphur trioxide, SO, 80 46° C. 

In case, however, of the compounds of carbon and 
hydrogen, several series can be constructed which ad- 
vance with very striking regularity at once in molecular 
weight and in boiling-point. 



mmt. 


Formula. 


ihlitular 


faint. 


Methane (marsh gas), 


CH, 


16 


(gas) 


Ethane, 


C,H. 


30 


(gas) 


Propane, 


C.H. 


44 


(gas) 


Butane, 


C,H„ 


58 


1- C. 


Pentane, 


C.H„ 


;2 


38- C 


Hcsane, 


C,H,. 


86 


71.5' C. 


Heptane, 


C,H„ 


100 


98.4* C. 


Octane, 


C.H„ 


T14 


125.5- c. 



I 
I 



A Study o( Certain Nitrogen Componnda. — One use ^ 
that can be made of boiling-point may be illustrated I; 
a short study of the compounds of nitrogen and oxygen. 

These compounds arc as follows : — 
Nitrogen mononitle, N,0; va]>ordensily,ai.99; melting-point . — 99''C 

Nitrogen dioxide, N,0, OT NO. not li<|uer>c<l at — iti^C 

Nittagen trioxiile, N,0,i vapor itenaity.J?. 95: liquefies ... - 




The Yspor density for nitrogen moniwide {aboul 21) points to a molec- 
ular weight 44, >nd this coirrspanda to the requirements of the facmula N,0. 
I'he vapur denuty for nitrogen trioxide (about j8) points to the moleeuUr 
weight 76. Thii corresponds to the requirements of the formula N,0,. 

There are reasons that need not be specitied here for adopting for 
nitrogen pcntokiJe the formula N,0(. 

The following question then arises with respect to the 
two compounds remaining : — 

Is the formtila N[0, or the formula NO to be pre- 
ferred for nitrogen dioxide? Comparing the boiling- 
points of this compound with the compound NjO, called 
nitrogen protoxide, it is seen that the boiling-point of 
N,0 is very much lower. In accordance with a general 
rule, substances having lower boiling-|»ints should be of 
simpler constitution. A substance having the formula 
N,Oi is of more complex constitution than a substance 
having the formula NjO. If, however, we assign to the 
substance designated as N-O;, the formula NO, its con- 
stitution becomes simpler than that of NtO ; it then 
accords with the general rule. 

There are certain facts with respect to the substance 
designated as NjO* that lead to the conclusion that this 
is the correct formula at /ow Umperatures. It is thought 
at high temperatures it dissociates, forming the simpler 
■■molecule NOf (See p. 144.) 

Note. It a|>pears proljahle Ihn) the following general law may be 
Eely accepted 1 — 

0«wi:al Lair. — The more complex compounds of a series condense 
We easily to liqui<[s and solids and decompose more readily by heat than 
B IcH complei ciiinpuunJs. 
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Mitscherlich's law of isomorphis 

follows : — 



may be ! 




In general, when two solid compounds are isomor- 
phous — that is, have the same crystalline form, — iht-y 
have the same number of atoms and the same molecular 
arrangement. 

It hardly needs mention that in applying the law it 
must be remembered that compound radicles, like | 
monium, mcthylamine, ethylamine, etc., must be com 
as elements. 
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II must be admitted that there ate wcll-recogniied cam l>( KahslancLi 

r crystalline form that are eviilently not chemically analuguoa; 

>ain, lubstancci pouessing most niarked chemical rcsenitilances ire 

Kn (bat lolidiry in diflefing ctyMaltinc forms. But while there arc 

y oceptioiu to the law, and it is nut an authoritative guide, yet it is 

n conlinuing results obtained by other methods. 
. The law is well illustrated by the alums. A certain substance callcil 
n bus been recognised with mote or less diatinetncss fur at least two 
I years. During the last century rts chemical composition has 
n diaUnctly mode out. It is usually eipiesscd by the formula 
K,SO. . AI,(SO,), ■ 14 H,a 



#■# 



Fie. Ijo.— Diaj 






^He eryUaUiiea easily and distinctly in cubes or regular oclohcdrons, or some 
^^maple modification of these l>elongiiig to the fits! or regular system. 
^^B Wilhin a few years ut least a doien sulislances have been recogniied 
^^Bllich bear such marked itructlual resemblance to ordinary alum that they 
^BlLvi; tXl been called alumt. 



Eiamplfi: — 

Potassio-aluminic alum (ordinary alai 

Sodio-aluminic alum, 

Ammonio-aluminic alum, 
I PoUltiti-Gliromic alum, 
I Ammonio- ferric alum. 



I The fact that these all crystalliii 
ists to confidently adopt for tl 
it assigned to ordii 
I [ vU. that pulossi 



K^( ■ Al,CSO,>, . 24 11,(1. 

Na,SO,-AI,(SO,),-i4lKtl. 

(NH,),SO. - AI,(SO,), . 14 H,0. 

K,SO, -Cr,(SO.), .24H,0. 

(NII.},SO, ■ Fc,(SO.), . 24 H,0, 

in form similar to ordinary alum leads 

^m the same general molecular fonnuU 

Vet, further, two other inferences are 

ilium, and ammunlutD arc radicles of analo- 
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gous chnracler, and Ihal aluminiuin, chromium, and iron ire aho of uitl- 

oguus chemicil character. 

a. The lubitances calcic carbonate, potauic nitrate, and nxtic nilrUc 
have some marked crystalline rcKmblances. Thus a certain form of oaldc 
carbonate, found ctystallUed in nature and called arragoHi't/, is n;cu(^iicil 
as barine the same ciyitalline form as polasaic nitrate. Again, a slightlr 
diiferent form of calcic carbonate, though of the same chemical cumpoii- 
tion, hut found crystalliied in nature in the form called lalnfar, hai a 
crystalline form similar to that of common sodic nitrate. 

Here, then, are three substances closely related as to crystalline furno. 

Analysis has shown that possible formulas (or these substance! ore — _ 

CaCO,. ■ 

KNOp H 

NaN(V 1 

The crystalline resemblances then favor the adoption of these formalis- 
1l may be added that the formula CaCO, leads to the approval of the num- 
ber 40 as the atomic weight of calcium, and the other formulas favor the 
employment of the numbers 23 and 39, already well tulHtantiated, 
sutlium and potas^um respectively. 



well tulHUntiated, A^H 
TO MOLECUU^H 

substance kno^^f 
formula N,0» 3H 
1. under the he^^ 



The question has ari-scn whether the substance kn< 
as nitrogen dioxide should have the formula NjO, 
the formula NO. Facts already given, under the hei 
uf boiling-foints. indicate pretty clearly that the formula 
should be NO. Certain facts with respect to the 
decomposition of this substance as compared with 
decomposition of the substance nitrogen mono: 
(N,0) sustain this view. 

Thus the general rule is lluit suhtlancts tf mtre romfU-i c 
feisfsi Itts ikrmkal itahiliiy than substances of less complex cunpe 
Now when a piece of glowing phosphorus is plunged into (he gOS It! 
monoxide (N,0), it readily dciMm|>oscs the molecule, withdrawing 01 
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d the phosphorus continue* to bum by combining with this oxygen. 
Bnl when burning phosphurus is intro^luced inlu the gas called nitrogen 
dioxide (N,0, or NO), it u extinguished ; thai is, it don not viithdraw the 
oxygen. The conclusion is tbtX the molecule of nitrogen dioxide ii of 
gre&ter chemical stability than the molecule N,0, and tbctefore is of limpler 
constitution than the molecule N,0. This favors the assumption that the 
fononla of nitrogen dioxide should be taken as NO, and not as N,0,. For 
if the formula were accepted ai N,0„ we should have the more complex 

Cle, having the greater chemical stability instead of the less, as the 
law demand*. (See p. iji.) 
iC 



VI. 
Imoleculab formulas suggested by relationship. 

The substances marsh gas, methyl alcohol, and formic 
aci<l are naturally related. The accepted formulas are 
as follows : — 



Marsh gas . . 

Methyl alcohol . 
Formic acid . . 



CH., 

CHjOH, 

HOCHO, or HCOOH. 



I the substances ethylene, ethyl alcohol, and acetic 
|cid are naturally related. The accepted formulas for 
e are as follows : — 



Ethylene 
Ethyl alcohol 
Acetic acid . 



C.H.OH, 
HO(C,H.O).orCHsCOOH. 



Now the formulas chiefly in question are those of fonnic acid and 
ixtic acid, But the fact that the marsh gas and methyl alcohol, whu?,- 
formula* arc established, have each one atom of carbon, favors the assiini|'- 
tion that formic aciil contains one atom of carbon, and therefore that it has 
the formula assigned. 

Again, the fact that ethylene and ethyl alcohol, whose formulas are well 
established, have each two atoms of carbon, favors the assumption thai 
acetic acid has two atoms of carbon, and therefore that it has the formula 
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When the two organic compounds, formic acid ; 
acetic acid, are made to combine with alkalin 
stances to produce respectively formates and acetates, 
it is observed that 46 parts of formic acid do the same 
work as 60 parts of acetic acid. These numbers i 
then be taken temporarily as the molecular weights t, 
the two substances. Taken in conjunction with otfai 
facts of analysis, the following statement may be | 
pared : — 

Formic Acid. — The formula HCOOH corresponds^ 
molecular weight 46. 

Acetic Acid. — The formula CHjCOOH corresponi 
to molecular weight 60. 

Rut analysis has shown that 46 parts of formic i 
contain 1 2 parts of carbon, and that 60 parts of act 
acid contain 24 parts of carbon. 

Nexl consider Ihe producls of decompoaition. 

ExperimenI has shown thai when these acids are sulijectcd (o the Cl 
tent of the galvanic ballery they are decomposed. Now il i« observei] 
that from formic acid but one carbon compound is produced, i.i. cubun 
dioiide. But from acetic acid two compounds of carbon are produced. — 
carbon monoxide and ethane. These facts suggest that the carbon in 
formic acid acts somehow as a unit, while in acetic acid there is such a 
difference in the condition of the carbon that it i* easily susceptible of 
division into at least two parts, the one part doing one thing, (he otbet 
part doing another thing. 

These facts — while not absolutely conclusive — favor the o 
formic acid contains one atom of carbon, while acetic 1 
ktomt of carbon. 
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Certain double salts, produced naturally or artificially, 
may point out the existence of definite molecular 
groups. 

Thus in the Solvay soda works, at Syracuse, N.Y., a 
salt was artificially formed in considerable quantity (al- 
though decomposable by water) which had practically 
the following formula: MgCO,- Na,COa- NaCl. This 
combination was evidently of those single groups which 
are accepted as molecules. Thus it seems to establish 
the three formulas adopted for the three substances 
taking part in it.* 

IX. 

OTHER ILLUSTRATIONS OF THE CLOSE CONNECTION BE-. 
TWEEN THE PROPERTIES OF SUBSTANCES AND THEIR 
; WEIGHTS. 



{a) Danaity of IilquidB «• related to their Moleoulmi 
atractore. — The following law, called Groshans's law, 
has been enunciated : — 

Al Ihe Icmpcnlurc of ebullilioti, the density of compound bodies in the 
liquid state is in pr(tpO[ti<jn to tlic numbcc of llje atums in tbrir molecules. 

{b) Tbe Relation ot the Pbjtsiolostoal Aetlou of Inorganic 
Compounda with their Moleoular Weights. - — In a study of 

the influence of different salts in solution when intro- 
duced into the blood of living animals, it has been 
■observed that the acid radicle of the salt has but little 



1 Chemieal News, Ivii. 3. 
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influence. Any physiological action produced dqiend! 
almost entirely on the electro-positive component of thi 
sail, i.e. upon the metal. Again, it has been noted tha 
practically all the elements found in organized bodic 
have atomic weights of less than 40. Thus it appear: 
that all the positive elements among them are monad 
and dyads. Now, it has been noted that the physia 
logical action of substances increases from the monad 
onward. 

Dt. J. BUke, who hu stadied thli subject, poinU onl that the monad 
tend to affccl but one set of tissue* or orgjns, — the pulmDiiarjr ulerie 
The dyads aflccl two or more, — I'.r, the centres of vomitine, the volonlai 
and cardiac muscles, — while with dementi of higher equivalence the inA 
encc is mure widespread and therefore more considerable : it extend* to It 
ganglia and even the brain ilseir. Again, experiments seem to show Uu 
the phyiiolc^cal efficiency of substances belonging to one and the wfl 
isamotphous group is directly proportional to the atomic weight*; i. 
the higher the atomic weight, the greater the action. The law has hce 
studied with leipect to the following substances; Jint, hthium, sodiun 
rubidium, thallium, silver; aconJ, mBgncsium, iron, manganese, coU 
nickel, copper, line, cadmium; third, calcium, strontium, barium, lead 
fanrth, palladium, platinum, osmium, gold. 

In case of chlorine, bromine, and iodine, however, the action icemt I 
vary inversely as the atomic weights. 

In case of potassium and ammonium the influence is also paitiall 

The whole study is an important one and may be looked upon as like! 
to offer more valuable information in the future. Thus it may be that ih 
biological relations of chemical substances may assist in determining tb 
position of atoms and molecules in the chemical scale.' 

(r) Tbe Magnetic Rotary Polarisatioii of Componnda a 
related to tbeir Chamloal Coiutltutlon. — Chemists havi 
long felt assured that such rotation was dependen 
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molecules involved as well as their 
niimbt.T, yut difRciilties in ihc way of demon si ration 
have prevented the attainment of any satisfactory con- 
clusions. 

Dr. I'erkin has studied Ihts subject very carefully. He hu SKloptcd a 
new systtm of unit lengths fat thusc |K>TtiDns of the substances eipcri- 
mcnicil upon; thai is, he has employed such portiona i)( luguid compound* 
ai Kvuld product Hnil Ituglks of lalamta of xmpor when in the latter con- 
dition. As a mult, it apjican that certain definite relations do cxiM 
Ivtwecn this magnclii: nitary power and Ihc miiletular conalilution of 
builii-s. It is nut praclLcalile lu cipress thcsu results in a few words. 
Kererencc, therefore, must be made to Perkin's original pajiut.' 

(</) Freeslng-pointB of BolutiotiB as related to tbft 
Molecular ^eigbtH of the Substanoes dlBBolved : Raoult's 
Method. — This method is of chief ini])i>rtanco in case 
of compounds which cannot be vaporized without dis- 
sociation. It is based upon a principle described by 
Coppet, that "salts of analogous constitution, dissolved 
in quantities proportional to their molecular weights, 
produce in their solution the same depression of the 
freezii^-point of the solvent." 

^^ BboiIi* has made a careful study of this subject, and is a result of his 
^pk the law Kemi now to meet general acceptance. 
^^ If f7n.'prescnis the deprcssinn in degiecs centigrade, /* the numliCT of 
^irammet of sulislance dissolved in 100 giammea of water, and M tlic 
motccntar weight of the substance, — 

-^ — .4, tlie cocfticicnt of depmuon of the substancci 
T, (he molecular depression of the solvent. 
The constant 7* varies according to the substances used, and according 
t, bcnicne, and acetic acid 

1 Perkin, W. H.. Journal of the London Cheniicnl Soeicly, 188^, Transae- 
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Ttiit methud is of eapcv-ial value in iti •|>pUc4tiMl to OMOj mguic 
cumpoantli uf high molecular wcigfaL 

One gFQeial result of Kftoull't itadio maj be pnsented ia the folki*- 
tn^ genera] form : -^^ 

While the freeiing-poiaC of a pure liquiil ii constant, every molccole of 
furcign nutter [hat diuolvcs occasou the lamecoDSIant deprcaioD of thai 
p.iint. In other words, in dilute (oluliuns the depression of the fmiitip 
point of the lulvent varies willi the ratio between the nnmben of molecules 
of lolveDt and numbers of molecula at sul»tance dissolved. 

As respects vapor Icnson of the liquid, Raoult has shown that iB 
deptesHon beara a relation lu the percent^c of foreign molecuka which a 
independent of temperaluie, but if certain proper diitinctiuns are maile, ii 
such that it lepicscnls a relative deptesuon whii^ maj beeonie a driinite 
constant for any substance which that ptuticular Uijuid may dissolve. 

Raoult'i method has ticcn applied to the determination of the niolecolai 
weights of certain of the carliohydrates. As a result, the molecular weight 
of dextrin waa found to correspond approximately to the oumljcr 64Sa 
This points lo the formula 30 (C|,II„0,,). In similar ^hinn the func afc 
for soluble starch ha* been suggested to be live I 
S (C,,1t^O„)„, This would give as a molecular weigl 
ttbnul the number 31,400.' 
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KIVhem the atomic weights of practically all the ele- 
uts have been provisionally adopted, by methods in- 
lying the principles already referred to (and perhaps 
some others), then the "periodic law" may be consid- 
ered. By its use certain numbers already adupted may 
be confirmed ; perhaps, on the other hand, it may detcr- 
mtae a new selection from the various possible atomic 
^hts. 

ni« V7ark ol Newlanda and of MendeUeff. — The Eng- 
lish chemist Ncwlands (in 1863-O4) and the Russian 
chemist Mendolcefif (in iS6y-7o) independently pub- 
lished tables of the elements known at about those 
dates. They first arranged all known elements in a 
long list, commencing with that of the lowest atomic 
weight, and advancing numerically to that of the high- 
est. In considering this list, they noticed that the 
lements formed several natural series, the members of 
tven series showing a periodic progress in chemical 
for example, in the kind and amount of 
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atom-fixing power. Upon arranging the several series 
one above another, it at once appeared that the corre- 
sponchng members of the several series formed natural 
groups. For example, calcium, strontium, and barium 
appeared in one group ; so also did phosphorus, arsenic, 
and antimony ; and also sulphur, selenium, and 
lurium ; and also chlorine, bromine, and iodine. 

Professor Crookes remarks : " Undoubtedly one 
the grandest steps taken in pure chemistry within 
epoch has been the discovery of the periodic law. 
generalization (as reference to Chemical News will si 
vols, vii., X., xii., and xiii.) was in the first place due 
Mr, J, A. R. Newlands. It was some time afterwards^ 
dependently discovered by Mendelecff, and since 
developed both by that eminent savant and by Mi 
and Carnclley," 

The total result of the Mendel^eff classification 
now known as "the periodic system." It is presenti 
in the table (including 68 elements) found on the next 
page. 

As soon as the periodic table was adjusted, it a 
gested the important truth that "the properties of 
clement are a periodic function of its atomic weight 
It now appears, therefore, that when a new element is 
studied and its properties are learned, these properties 
determine its place in the periodic table. But the place 
in the table at once suggests which, among several 
tiplcs, shall be accepted as the atomic weight. 

The syitem hoi now lecurul very general adupljon. Sume of its 
»rc the folli)wing; — 

FiHsr. Il U bucil on the ■tomic wd|;hU, — conitnnla which it 
lie isaumed are dependent iqxin aome fundamealal 
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Second. It throws most nf the elemenls iato groups uid series W 
■ccoril with many of thcii undoubted geological, pliyncsl, and chend 

It cannot be denied thit in this system some elements are braui 
liigtUicr Ihat do nul appear to be closely tclBtcil. This is merely eqab 
lent tu admitting that the system is not yet perfecL Probably, also, tc 
sii-callcd elements are wrongly pUccd because of their peculiar coinpon 

Tii[Ki>, It helps in the decision »s to which of several conbiniDg 
hers of an element shall be accepted as its atomic weight. Thus in 
might have the number 75.6 or the number I tj^ (one and a-halT lima 
the former). The latter number is now chosen under guidance of the 
periodic law. 

FoUkTH. The periodic talile has shown some gaps in the series of 
numbers representing atomic weights. On this basis — as long ago as 
1871 — Mendeleeff predicted the existence of two new elements, and more, 
he staled their general range of properties. To one he gave the provisional 
name cka-aluminium. Now in 1S76 the clement 
and it proved to be the predicted eka-aluminium. So scandii 
in 1879. proved to be MendeleefT's predicted eka-boron. 

The recently discovered clement samarium fell into a pli 
ously occupied, thus contributing to support the sy: 



nia, ana more, 
he provisional 

""1 



Algebraic BzpresBlot) ol the PeHodlc Law. 
CarncUey has recently studied the periodic law with a 
view to expressing its numerical relations in the form 
of an algebraic formula. For reasons which are given 
in detail in the memoir, an expression of the form J 

is adopted, where A represents the atomic weight of 
the element ; r, a constant ; «/, a member of a series in 
arithmetical progression, depending upon the horizontal 
series in the periodic table to which the element be- 
longs ; and v, the maximum valence, or the number of 
the vertical group of which the element i 
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a number uf appcmimationa I'loCeaoi CaraeWcy finds Ihat m is 
B'JWit represented by the vslue o in the lithlum-beryUiuiii- boron, etc., hori- 
V'sontal seriMi bysj, in the sodium arries; 5, in the potassium seiiesi knd 
f'S't 111 '57< t9t !3j, etc., in the lubscquent icries. Thus m is it mctnbet 
Ji arithmetical series of which the common dilTerence is 2j for the lint 
E members and 3I for all the rest. Oa calculating the values of the 
Itant f from the cquntion 

A 
'"«+Vr. 

I'fbr 55 of the elements, the numbers are alt found to lie between 6.0 and 

■'^.2, with a mean value of !•.(>, In by far the majority a! cases the value is 

h closer to ihc mean 6.6 than is represented by the two extreme limits; 

^ns in 35 cases the values lie between 6.45 and 6.75. If the number 6.6, 

Iwrefbre, is adupleil as the value of i, and the atomic weights of the ele- 

e then calculated from the formula 

W = 6,6(«+v't.), 

e calculated atomic weight* thus obtained approiimate much more closely 
Id the experimental atomic weights than do Ihe numbers derived from an 
n of the atomic heat approiimstion of Dubng and Petit. The 
mbet 6£ at once strikes one as lieing remarltably near to the celebrated 
44 of Dulong and Petit, and Prufessar Caniellcy draws the conclusion that 
(here must be a connection between Ihc two. This aslumplion appears to 
be fupported by several interesting facts.' 

tProut'B HjrpotbeaiB. — As early as 1816 the theory was 
guggested that the atomic weights may be represented 
by numbers that are exact multiples of that of hydiu- 
gen. This led to the further suggestion that possibly 
hydrogen is a sort of " primordial matter which forms 
rthe other elements by successive condensations of it- 
Klf." 
The most critical determinations of the atomic weights 
sem at present to afford numbers that are not integral 



> Nature, ili. 304. 
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multiples of that for hydrogen. But in most cases the 
variations are but slight, and it cannot be declared with 
certainty that the atomic weights at present held may 
not be subject to corrections such as will in future 
afford numbers sustaining Prout's proposition. 

Thus recent and careful recalculations of the atomic weights show that 
" thirty-nine out of sixty-five elements have weights varying each by less 
than the tenth of a unit from even multiples of the atomic weight of 
hydrogen." Of the remaining elements, twenty>six have atomic weights 
that are known to be defectively determined. Thus Prout's hypoth 
acquires new interest. 
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ELEMENTARY SUBSTANCES AS MOLECULAR. 

It is believetl that in most cases elementary sub- 
stances are arranged in groups which may be properly 
called molecules. 

First. This view is sustained by the volume condi- 
tions of certain chemical unions. 

Example a. — Two volumes of hydrogen and two 
volumes of chlorine combine to form four volumes of 
hydrochloric acid gas. In accordance with Avogadro's 
law, two volumes of hydrogen may be considered as 
having « molecules of hydrogen, and two volumes of 
chlorine « molecules of chlorine. Then four volumes 
of hydrochloric acid gas must have 2« molecules of the 
substance represented by HCl. But each of these 2» 
molecules contains at least one atom of hydrogen, a 
total of 2« atoms of hydrogen. But these 2n atoms 
of hydrogen are derived from « molecules of hydrogen. 
Therefore each molecule of hydrogen has two atoms of 
hydrogen. By a similar process of reasoning it is appar- 
ent that each molecule of chlorine contains two atoms 
of chlorine. 



« molecule. 



^^ tetd 



n ut]iei cuei, elemenli ■nay be tbown to contain fQiu 
ic, the number of Mona in • mu)pcule c 
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Exampit h. — When «ii1phar burns in oxygen gas lo Tonn the »ot««idc 
SO,, there is neilhei increase noc decrease of volumci i.e. BppareDlly cuie 
molecule of oxygen gas has rurnished one molecule of sulphur itioxirie, SO,. 
This Gtvots (he theory that the amount of oxygen gM in the molecule SO, 
is the same as the amount of oxygen gas in one molecule of oxygen. 
Whence one molecule of oxygen gas appears to consist of two atoms. 

When carbon hurns in oxygen gai to form the molecule CO,, there is 
neither increase nor decrease in volume. By a. course of reasoning similar 
tu that just employeil with respect lo sulphur dioxide, the view then brought 
forward is sustained by the hurning of cathon. 

Second. This view harmonizes with certain facts of 
thermo-chem is try. 

Example a. — Phosphorus burns in the gas nitrogen 
monoxide, N,0. It also burns in oxygen gas. Carbon, 
also, will bum in either of these gases. Now it is ob- 
served that more heat is evolved when the combustible 
burns in nitrogen monoxide than when it bums i^H 
oxygen. ]H 

According to the molecular theory, oxygen has mol^l 
cules as well as nitrogen monoxide. The heat afforded 
by the combustion represents a difference between the 
true amount of heat evolved by the chemical action and 
the amount of heat absorbed in decomposing the mole- 
cule containing oxygen. The less amount of heat given 
off by the combustion in pure o.xygen suggests that^ 
when the phosphorus withdraws an atom of oxygei 
from its companion atom, more energy is expended thi 
when it draws the oxygen from the companion nttrogi 

Example A. — When t 
nitrogen decomposes, the i 



2 NO, M/W«/ = N, + jCI,. 
nRoeson,j8,IQ 



Now when this operation goes on, j8,loo units of heat are liberated, 
extraordinary result is hclipved to be eipUinahle, on the moleculu &ea 
M due to the fact that the oflinlty of an atom of nitrogen for another fl 
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1, and the aflinit]' of an atom of clilarine for tnother alum oi 
cUunne, are far greater than 'n the affinity of the atom of nitrogen fur the 
ilums of chlorine with which il was cumbincd in the explosive lutotaoce. 

It ii true that nitrogen a» an elementary gas, md under certain other 
circumitancea, is very inert. But nitrogen Is found as a constituent of a 
very large number of compounds. Some of these are very stable, anil the 
nilnigcn holds to the other constituents with great affinity. Ammonia ga.s 
(Nf{,) is an example. This shows no fundamental lack of alKnily in the 
[ nitrogen atom. Perhaps the very inertness of the free nitrogen molecule 
nay be due to the affinity binding the two atoms of this molecule together. 

Third. The *^acts of allotropism accord with this 
I theory. 

Some elementary substances are capable of undergoing 
f a great change in their properties without any change 
I of weight, and without any addition or withdrawal of 
Bother kinds of matter. Thus a given jiortion of ordi- 
Inary oxygen may be changed — at least partly — into 
■ ozone and back again. So ordinary phosphorus may 
r be changed into red phosphorus and back again. One 
of the forms of such substances is called (lie allotropic 
form of it, and this general property of bodies is termed 
allotropism. The view now held is that such modilica- 
I tions represent some change in the number of atoms in 
\ the molecule of the element, or some change in their 
f, Jurangement within the molecule. 

Occasionally the term ntlolropiim is applied to ci>mpouHjs 10 describe ■ 
I kind of physical isomerism. Indeed, the three stales of aggregation in 
I vhicli a compound roay ciist may be considered as rcprcienling a sort of 



Many nalurol minerals display a kind o( allotropism in Iheir differences 
ram the tame sulniincci ariiricially produced. 

The properties of ozoue support the theory in ques- 

Ition, When oxygen changes tn ozone, condensation 

tccurs without loss of matter ; and when ozone changes 
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to oxygen, corresponding expansion occurs. Ozone 
[J times as heavy as oxygen ; in other words, ozi 
has the density 24, and oxygen has the density |i 
According to Avogadro's law. anil the molecular thei 
of elements, ozone should have thi; niolucular weight 
and oxygen the molecular weight 32. This means, then, 
that the molecule of ozone should have three atoms of 
oxygen, and a molecule of ordinary oxygen should have 
two atoms of oxygen. 

Nov ozone a characteriied bjr two striking properties >t fin 
siilenl: I'.f. it readily oiidiies certain tubBlancrs, like metallic aili 
ing o:cye^n tu the lilver. Again, it readily reduces certain subatancca like 
oxide of silver; i.c, withdrawing oirygen from the silver. But the incon- 
sistency is immediately explained iiy the molecular theory, Oiotie (O,}, 
by imparting oxygen to silver, ii itself changed to the more stable k 
0,i I*.*, onlinary oxygen. Again, oione (0,), in withdrawing 
from oxide of silver, at once gives rise to lO,; i',;. to two molccoleluf I 
stable form of oxygen called ordinary oxygen. 

Fourth. This theory affords the best explanation 
of the properties of certain compounds like hydrogen 
dioxide (H,0(). Like ozone, it readily withdraws oxygen 
from certain substances and it readily adds oxygen to 
certain substances. The apparent inconsistency is at 
once explained by the molecular theory. By adding 
oxygen to certain substances the unstable molecule 
H,0, is changed to the stable molecule H,0. On the 
other hand, in withdrawing oxygen from certain sul 
stances, one atom of oxygen withdrawn unites with 
atom of oxygen from the H,Oi, thus producing the sU 
ble molecule 0-. But the existence of such a molecuT 
as O, is the very point that this discussion is noj 
intended to support. 

Fifth. The superior activity of substances in 1 



> like 
(O,). 
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' slate is best explained by this theory. It is 
supposed thai atoms of a gas when freshly liberated, — 
in other words, when in the nascent state, — have not yet 
combined to form molecules of that particular element. 
They arc then more ready to combine with other sub- 
stances than when, as in their ordinary condition, they 
have to leave companion atoms to do so. 

Sixth, The theory accords with the facts enunciated 
1 the law of Charles. 

If the expansion of compoiimi gases by increase of heat 
B due to a forcing apart of a certain number of mole- 
is, the fact that the elementary gases obey the same 
(»w shows that they must have molecules of the same 
s those of compound gases. 
If elementary gaseous substances were composed of 
\gU atoms of smaller size, they should be expected to 
txpand at least twice as much as compound gases by 
\ of heat. 



' It must not be supposed that all the substances known 
> chemists afford satisfactory information as to their 
molecular structure. This is true of elementary sub- 
(, and of compound substances as well. Chemists 
Ire still in the dark with respect to the proper molec- 
r formulas of certain elements and compounds. For 
ihe present, molecular formulas as well as atomic weights 
fare adopted that are recognized as only approximate, and 
lat are likely to demand revision hereafter. 
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